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Changes  in  the  Conditioned  Reflex  Activity  of  the 
Offspring  of~Dogs  Which“Have  Been"*§ubjected~to  Chronic. 


V,  A.  Nazarov 


I.  V.  Sanotskiy,  S.  P.  Voskresenskiy  and  A.  P.  Novi¬ 
kova,  T*  A*  Ivanova,  N*  G.  Trusova  and  others  in  experiments 
on  animals  have  established  the  fact  that  internal' irradi¬ 
ation  associated  with  the  entrance  of  radioactive  isotopes 
into  the  bodies  of  the  parents  even  in  small  quantities  pro¬ 
duces  changes  in  the  development  of  the  offspring  and  a  re¬ 
duced  viability  of  it*  These  investigations,  however,  did 
not  deal  with  changes  in  the  condition  of  the  nervous  sys¬ 
tem  of  the  offspring  of  the  irradiated  animals,/ 

We  have  already  reported  on  the  results  of  investiga¬ 
tion  of  dogs  the  parents  of  which  had  been  given  a  mixture 
of  uranium  fission  products  in  the  food,  a  mixture  which  con¬ 
tained  24.1  percent  Sr90  and  which  was  given  once  according 
to  the  calculation  of  one  mC°kg.  •  In  the  study  of  the  con¬ 
ditioned  reflex  activity  of  the  adult  offspring  of  irradi¬ 
ated  dogs  a  marked  weakening  of  the  associative  function  and 
a  reduction  in  the  functional  capacity  of  the  cerebral  cor¬ 
tex  were  detected*  In  these  dogs  an  .increase  level  of  elec¬ 
trical  activity  of  the  cerebral  cortex  was  observed  with  a 
predominance  of  relatively  fast  rhythms,  paradoxical  reac-  . 
tion  to  light  stimuli  of  different. strengths  (method  of 
"curve  reactivity")  and  increase  in  the  after-induction. 

The  data  obtained  indicate  a  notable  weakening  in  the  strength 
and  mobility  of  the  nervous  processes  in  the  offspring  of 
irradiated  dogs.  :  /  ;  >• 

In  the  present  report  we  have  the  opportunity  of  eval¬ 
uating  the  results  of  similar  observations  made  in  five  adult 
(one  and  a  half-two  years)  dogs  the  parents  of  which  (mother 
and  father)  had  sustained  chronic  Internal  irradiation  with 
the  p-rays  of  Sr90  for  17-28  months. 

The  Sr90  was  introduced  into  the  food  every  day  ac¬ 
cording  to  the  calculation  of  0.2 .and  0*02  microcuries/kilo¬ 
gram  per  day.  The  introduction  of  Sr9°  into  female  animals 
was  completed  at  the  time  of  delivery.  The  quantity  of  .Sr90 
introduced  into  the  body  of  the  mother  throughout  the  entire 
period  of  irradiation  was  equal  to  eight  microcurie s/kllo-  . 
gram  (in  two  cases)  and  90  microcuries/kilograms  (in  one  case) 
The  tissue  doses  in  the  mother  as  determined  in  the  skele¬ 
ton  amounted,  respectively,  to  90,  230,  and  600  rad  at  the 
time  of  delivery. 

The  examination  of  the  conditioned-reflex  activity 
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was  accomplished  after  a  preliminary  adaptation  of  the  dogs 
to  the  chamber  and  to  their  stalls.  Five  dogs  served  as  con 
trols;  they  were  about  two  years  of  age  and  born  of  irradi¬ 
ated  anim&ls.  Defense  conditioned  reflexes  were  formed  to 
sound  and  light  stimuli  (bell,  buzzer,  interrupted  GZ-1  ard 
flickering  light  signals).  Electrocutaneous  stimulation  of 
the  hind  pxtreMty  with  an  induction  current  was  used  as 
the  reinforcement;  the  circuit  of  the  induction  coil  was 
broken  synchronously  with  rhythmical  sound  and  light  signals 
(the  movement  of  the  extremity  was  recorded  by  the  electri¬ 
cal  method  oh  photographic  paper  simultaneously  with  an 
electrocardiogram  and  a  pneumogram  by  means  of  an  elastic 
carbon  feeler  attached  to  the  leg) .  The  magnitude  of  the 
conditioned  reflex  motor  response  was  evaluated  according 
to  the  degree  of  deviation  of  the  "light  beam,"  The  experi¬ 
ments  were  carried  out  every  other  day.  In  every  experiment 
there  were  five  to  eight  combinations  with  intervals  of 
three  to  five  minutes. 

The  offspring  of  the  chronically  irradiated  dogs  ex¬ 
amined  had  an  entirely  healthy  appearance  and  a  normal  state 
of  nutrition.  The  .examination  did  not  reveal  any  difficul¬ 
ties  in  the  formation  of  the  defense  conditioned  reflexes. 
The  first  appearance  of  the  reflex  to  a  stimulus  of  moderate 
strength  (buzzer)  bccurred  with  subsequent  reinforcements: 
in  the  control  grou#,  in  the  l6th,  21st,  22nd,  24th  and  27th 
on  the  average,  with  the  22nd  reinforcement;  in  the  experi¬ 
mental  group,  in  the^sixth  (600  rad),  ninth  (230  rad),  14th 
(230  rad),  loth  (90rad)  and  19th  (90  rad),  and,  on  the 
average,  with  the  13th  reinforcement.  (Tissue  doses  deter¬ 
mined  in  the  bone  tissue  of  mothers  are  given  within  the 
parenthesis). 

Therefore,  the  conditioned  reflex  was  elaborated  in 
experimental  dogs  eve'p  somewhat  more  quickly  than  in  the 
control  animals,  and  the  reflex  appeared  earlier  the  greater 
the  tissue  dose  received  by  the  parents.  The  consolidation 
of  the  reflex  in  the  experimental  animals  occurred  quite 
quickly  and  practically  no  omissions  of  it  were  observed 
(except  for  special  tests). 

The  subsequent  reflexes  were  also  elaborated  rapidly 
and  surely,  without  any  disturbance  in  the  strength  relation 
ships.  At  the  same  time,  it  was  established  that  the  stimu¬ 
latory  process  associated  with  a  realization  of  the  condi¬ 
tioned  association  which  occurred  usually  was  expressed  in 
the  offspring  of  irradiated  dogs  in  an  excessive  and  inade¬ 
quate  form,  being  expressed  in  a  general  excitation  of  the 
animal.  As  a  rule,  the  dogs  which  had  stood  calmly  in  the 
stall  before  this  began  to  react  to  the  stimulus  as  early 
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jas  the  first  appearance  of  the  conditioned  reflex  (buzzer,! 
flickering  light)  with  yelping,  barking,  attempts  to  free 
themselves  from  their  straps,  etc.  Here,  an  increased 
mobility  of  the  vegetative  reactions  was ; characteristics  a 
notable  increase  in  frequency  in  the  pulse  (from  80  to  120 
beats  a  minute  or  more)  and  an  exceptionally  marked  In¬ 
crease  in  respiratory  rate  —  from  20-30  to  220,  that  is, 
up  to  the  frequency  of  the  induction  current  shocks  which 
served  as  the  reinforcement.  This  effect  was  rapidly  con- 
'•  solldated,  occurring  in  the  second-third  second  of  the  ef¬ 
fect  of  the  conditioned  stimulus  (both  rhythmical  and  in¬ 
terrupted)  ,  and  terminated  immediately  after  it  was 
switched  off  (see  figure  b).,\y.''.:  ,  • 


Electrograms.  Course  of  Defensive  Conditioned  Reflex, Re¬ 
action  to  A  Stimulus  of  Moderate  Strength  (Busser)  in  Dogs 
of  Control  and  Experimental  Croups.  From  above  downs  ..res¬ 
piration,  conditioned  stimulus  (buzzer) j  movement  of  the 
extremity  —  conditioned  and  unconditioned  react ion© j  elec¬ 
trocardiogram!  record  of  unconditioned  (electro out aneou s ) 
stimulus  (frequency  of  indue tioh , current  shock  —  about 
three,  seven  per  second  or  about  220  per  minute) j  record 
of ’ time-  (one-second  Intervals)  , 

a  —  control!  the  motor  conditioned  reflex  reaction  is  seen 
as  well  as  a  moderate  increase  in  the  respiratory. and  pulse 
rate  against  a  background  of  the  effect  of  the  conditioned 
stimulus;  b  —  experiment!  the  respiration  markedly  in¬ 
creased  in  frequency  and  it  is  involved  in  a  rhythmical 
[words  are  omitted  at  this  point  in  the  original  text]  of  j 
the  unconditioned  stimulus  five  seconds  before  it  begins— 


in  the  second  second  of  the  action  of  the  conditioned  stim¬ 
ulus;  c  —  experiment;  conditioned  reflex  is  manifested  dis¬ 
tinctly  after  47  lapses  in  reinforcement  (test  for  extinc¬ 
tion);  here,  the  frequency  of  respiration  rapidly  reaches 
220  a  minute,  that  is,  the  frequency  of  the  unconditioned 
stimulus  used  in  forming  the  given  reflex,  the  cardiac  acti¬ 
vity  is  also  involved  gradually  in  the  same  rhythm. 

The  use  of  the  inhibitory  stimulus  in  the  majority 
of  cases  also  produced  an  involvement  of  respiration  in  the 
stimulus  rhythm  although  it  eliminated  for  a  time  the  general 
conditioned  excitation  of  the  dog.  The  cardiac  activity  was 
involved  in  this  rhythm  also  but  comparatively  rarely;  how¬ 
ever,  in  certain  cases  it  was  quite  distinct  (c). 

The  characteristics  attested  to  the  excessive  and 
prolonged  generalization  of  the  conditioned  reactions  which 
occurred  as  well  as  to  the  great  mobility  of  the  vegetative 
reactions  which  were  components  of  the  given  conditioned  re¬ 
flex.  The  diffuse  nature  of  the  stimulatory  process  in  the 
progeny  of  chronically  irradiated  dogs  was  expressed  also 
in  inaccuracies  and  inadequacies  of  the  conditioned  reac¬ 
tions  formed  (raising5  of  the  contralateral  extremity  or  both 
at  the  same  time  with  drooping  in  the  straps,  extension  of 
the  extremity  instead  of  the  usual  flexion,  etc.). 

Caffeine  in  a  therapeutic  dose  of  0,003  grams/kilo¬ 
gram  not  uncommonly  produced  the  development  of  phasic 
states.  Most  often,  an  ultraparadoxical  phase  was  observed: 
a  marked  conditioned  reaction  to  the  inhibitor  and  a  very 
weak  reaction  to  the  reinforcing  stimulus.  Side  effects 
were  observed  also  wl|h  reduction  of  the  dose  of  caffeine 
by  two-four-eight  times.  This  indicated  a  weakness  of  the 
stimulatory  process  despite  an  adequately  rapid  formation 
of  the  conditioned  reflex  which  required,  obviously,  a 
special  explanation.  This  explanation  may  be  given  on  the 
basis  of  results  of  testing  the  strength  and  mobility  of 
the  inhibitory  process.  These  tests  revealed  a  marked  weak¬ 
ening  of  internal  inhibition  in  all  the  experimental  dogs 
which  led  to  a  notable  loss  of  equilibrium  of  the  nervous 
processes.  In  the  offspring  of  the  chronically  irradiated 
dogs  the  lack  of  ability  to  extinguish  elaborated  reflexes 
in  time  was  distinctly  demonstrated.  Usually  no  less  than 
50-60  lapses  in  reinforcement  were  necessary  just  so  that 
the  magnitude  of  the  reflex  being  extinguished  decrease  more 
or  less  notably.  After  this,  the  reflex  was  maintained  at 
low  magnitudes  for  a  very  long  time.  The  most  constant  here 
were  the  vegetative  reactions  which  practically  did  not  dis¬ 
appear,  particularly  the  involvement  of  the  respiration  in 
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the  thythm  of  the  Btimulus. 

The  attainment  of  "complete  zero"  proved  to  be  excep¬ 
tionally  difficult  even  with  the  elaboration  of  differen¬ 
tiations,  Even  a  comparatively  coarse  differentiation 
(tones  of  200  and  500  cycles  a  second)  was  elaborated  two 
or  three  times  more,  slowly  than  in  the  control  dogs.  A  dis- 
tinctipn  between  the  tones  of  400  and  500  cycles  per  second 
was  practically  an  insurmountable  problem.  A  complete  in¬ 
hibitory  effect  in  this  case  was  observed  only  when  the  dog 
stopped  reacting  to  both  stimuli,  that  is,  when  repetition 
of  the  difficult  problem  led  to  a  break  in  nervous  activity. 

Experiments  with  overstrain  of  the  inhibitory  pro¬ 
cess  by  means  of  a  special  prolongation  of  the  time  of  the 
effect  of  the  inhibitor  to  two  or  three  minutes  also  showed 
an  inadequacy  of  internal  inhibition.  Whereas  dogs  of  the 
control  group  tolerated  this  test  well,  in  the  experimental 
dogs  a  distinct  motor  reaction  occurred  repeatedly  during 
one  or  two  minutes  of  the  effect  of  the  inhibitor,  and  then 
a  loss  of  inhibition  was  observed  in  all  the  differentiations 
for  two  to  three  days.  The  injection  of  bromides  in  usual 
therapeutic  doses  (0.06  grams/kilogram) ,  which  was  very  fre¬ 
quently  accompanied  by  the  development  of  a  phasic  state 
(ultraparadoxicai  phase)  also  led  to  a  disinhibition  of  dif¬ 
ferentiation.  Bromide  doses  which  were  reduced  by  10-15 
times  did  produce  these  phenomena  but  did  not  give  any  vis¬ 
ible  Improvement  in  conditioned  reflex  activity  either. 

This  indicated  a  Modified  reactivity  of  the  experimental 
dogs.  i: 

Distinct  results  were  obtained  also  from  testing  the 
mobility  of  the  nerve  processes  by  means  of  simultaneous 
reversal  of  a  pair  of  stimuli.  The  offspring  of  irradiated 
dogs  required  three  to  four  times  more  combinations  and 
lapses  in  reinforcement  than  the  control  animals  for  this 
purpose.  Here,  in  all  cases  the  formation  of  an  inhibitor 
proceeded  considerably  more  slowly  than  the  formation  of  a 
positive  reflex  and  was  not  satisfactory  even  after  60-100 
reinforcements. 

The  results  of  the  examinations  show  that  conditioned 
reflex  activity  of  the  offspring  of  chronically  irradiated 
dogs  is  essentially  altered.  It  is  characterized  principally 
by  the  characteristics  which  are  inherent  in  dogs  born  of 
parents  which  were  irradiated  once  (difficulty  in  extinction 
and  revision  of  defense  conditioned  reflexes,  reduced  abil¬ 
ity  for  fine  differentiation,  tendency  toward  .breaks  in  ner¬ 
vous  activity,  facilitated  development  of  paraboitoc  states 
and  the  lack  of  ability  to  tolerate  ordinary  doses  of  brom¬ 
ides  and  caffeine).  At  the  same  time,  the  offspring  of 
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chronically  irradiated  dogs  were  distinguished  by  particu¬ 
larly  severe  involvement  of  the  inhibitory  process,  as  a 
result  of  which  the  stimulatory  process,  even  a  weakened 
and  altered  one  per  se  proved  to  be  predominant  by  far. 

The  ineffectiveness  of  internal  inhibitions  specifically 
may  be  explained  by  the  rapid  formation  of  positive  condi¬ 
tioned  reflexes,  their  inadequate  degree  of  specificity, 
difficulty  in  extinction,  facilitated  irradiation  of  exci¬ 
tation  in  the  cortex,  prolongation  of  the  stage  of  general¬ 
ization  and  excess  in  the  vegetative  reactions  which  are 
components  of  the  given  motor  reflex. 

In  evaluating  the  results  of  the  investigations  the 
facts  should  be  emphasized  primarily  that  internal  irradi¬ 
ation  of  dogs,  even  that  which  does  not  produce  the  occur¬ 
rence  of  radiation  sickness  in  them  brings  about  distinct 
changes  in  the  condition  of  the  cerebral  cortex  in  the  off¬ 
spring  of  these  animals.  Here,  the  disturbance  in  the  fine 
correlations  of  the  body  with  altered  environmental  condi¬ 
tions  is  a  sensitive  ihdex  of  the  late  consequences  of  ir¬ 
radiation,  which  cannot:  always  be  found  by  other  methods. 

The  regular  disturbances  in  nervous  activity  detected  show 
that  the  chronic  irradiation  in  doses  which  do  not  produce 
diseases  of  the  animal  are  far  from  being  indifferent  for 
their  offspring.  This  may  be  seen  from  the  distinct  weaken¬ 
ing  in  the  strength  and;- mobility  of  the  nerve  processes  and 
a  disturbance  in  their  mutual  equilibrium,  which  produces 
a  definite  biological  inadequacy  of  the  offspring  of  irra¬ 
diated  animals. 
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Changes  in  Certain  Electrocardiographic  Indices  In  Acute 
Radiation  Sickness  Produced  by  Beta-Radiation  and 
~  ”  ~  X-Irradlatlon 

(An  Experimental  Investigation) 

I.  N.  Bukhalovskiy 

From  the  Chair  of  Faculty  Therapy  (Head  --  Professor  A.  A. 
Nechayev)  of  the  Military  Order  of  Lenin  Academy 

imeni  S.  M.  Kirov 

Among  the  various  clinical  expressions  of  acute  radi¬ 
ation  sickness  cardiovascular  disturbances  belong  to  a  group 
of  the  essential  and  characteristic  symptoms  of  this  afflic¬ 
tion*  However,  while  the  pathognomonic  nature  of  the  vas¬ 
cular  changes  in  radiation  afflictions  is  generally  accepted 
(A.  V.  Lebedinskiy,  T.  S.  Seletskaya,  B.  N.  Mogil »nitskiy 
and  M.  S.  Brumshteyn,  S.  S.  Yal»,  G.  A.  Zedgenidze,  D.  S. 
Sarkisov  and  others),  the  effect  of  radiation  factors  on  the 
functional  condition  of  myocardium  has  not  been  made  ade¬ 
quately  clear  to  date.  Along  with  statements  of  more  or  . 
less  pronounced  changes  in  the  cardiac  muscle  and  in  the 
electrocardiogram  under  the  influence  of  radiation  (P .  D. 
Gorizontov,  Yu.  I;  Arkusskiy.  V.  Fanardzhyan,  K.  Kyandar- 
yan.  Ye.  Stefanov  and  others)  the  opinion  is  widespread  in 
the  literature  according  to  which  the  myocardium  is  con¬ 
sidered  "not  very  vulnerable"  under  conditions  of  radiation 
injury,  while  the  electrocardiographic  changes,  which  are 
"only  possible,"  are  characteristic  only  of  the  severe  in¬ 
juries  (M.  N.  Karlin  and  B.  N.  Mogil'nitskiy,  I.  A.  Piga- 
lev,  N.  A,  Kurshakov  and  I.  S.  Glazunov,  B.  Gordon  and 
others) . 

Nevertheless,  observations  of  an  experimental  and 
clinical  nature  permit  us  to  be  convinced  of  the  fact  that 
the  effect  of  radiation  on  the  myocardium  is  indubitable  and 
varied  (F.  D.  Vasilenko,  A.  N.  Bykhovskaya,  I.  N.  Verkhov¬ 
skaya  and  M.  V.  Arutyunova  and  others).  Changes  in^the 
electrocardium  have  been  noted  as  follows:  disturbances  in 
the  rhythm,  increase  in  the  atrioventricular  conduction,  re¬ 
duction  in  the  voltage  of  the  waves,  increase  in  the  systolic 
index  (P.  D.  Gorizontov,  Yu.  I.  Arkusskiy,  V.  Fanardzhyan, 

Ye,  Stefanov),  including  also  in  clinical  observations  (A. 

A.  Gus'kov,  G.  D.  Baysogolov,  L.  Hempelman,  Colin  and  others). 
These  investigations  and  observations  permit  us  to  believe 
that  electrocardiography  in  radiation  injuries  may  be  of  im¬ 
portance  for  diagnosis  and  possibly  an  evaluation  of  the 
severity  of  radiation  trauma,  although  to  date  under  con¬ 
ditions  of  radiation  injury  it  has  been  used  rarely. 
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Experiments  were  performed  on  48  rabbits,  seven  of 
which  were  controls  and  eight  were  exposed  to  X-irradiation; 
24,  to  the  effect  of  radioactive  phosphorus  (p32);  nine,  to 
radioactive  strontium  (Sr°9) .  Before  the  irradiation  and 
during  the  subsequent  period  a  detailed  clinical  and  hema¬ 
tological  observation  was  made  of  the  animals  (dynamics  of 
body  weight,  thermometry,  observation  of  general  condition 
and  various  systems,  blood  examination  --.determination  of 
hemoglobin,  the  red  blood  count  and  white  blopd  count,  the 
differential  white  blood  count,  sedimentation  rate) . 

X-irradiation  was  given  on  an  RUM-3  apparatus,  it 
consisted  of  a  single  total-body  irradiation  with  doses  of 
800-1000  r;  the  conditions  of  irradiation  were  the  follow¬ 
ing:  voltage  184  kv,  current  15  ma,  skln-to-tube  distance 
50  centimeters,  filter  0.5  cm  of  Cu  and  one  mm  Al.  Radio¬ 
active  phosphorus  and  strontium  were  injected  subcutaneously 
in  the  area  of  the  anterior  abdominal  wall  in  a  quantity  of 
from  one  to  three  mC  per  kilogram  of  weight. 

After  the  irradiation  of  the  animals  the  clinical  or 
hemotological  expressions  of  radiation  sickness  were  obser¬ 
ved,  which  consisted  in  the  pronounced  cases  of  a  distur¬ 
bance  in  the  general  condition,  a  reduction  in  body  weight, 
gastrointestinal  disorders,  blood  changes,  etc.  Sickness 
in  the  animals  in  which  a  rapid  and  considerable  loss  of 
weight,  a  serious  general  condition  accompanied  by  gastro¬ 
intestinal  disturbances,  hemorrhagic  manifestations,  anemia, 
severe  leukopenia  ( reduction  in  the  leucocyte  count  to  1000 
per  cubic  millimeter)  were  observed  were  considered  third- 
degree  injury.  There  were  14  such  animals;  they  all  died 
in  the  second-third  week  after  radiation.  The  same  clinical 
signs  of  radiation  sickness  but  less  pronounced  than  in  the 
previous  group  were  considered  second-degree  injuries. 
Specifically,  the  leukopenia  in  these  cases  varied  within 
limits  of  from  2000  to  3000  per  cubic  millimeter  (25-30  per¬ 
cent  of  the  original  leucocyte  level).  In  all  these  animals 
(a  total  of  lo)  following  a  three-four  week  period  of  dis¬ 
ease  the  condition  became  normal,  and  the  blood  composition 
became  normal  again.  First-degrde  injury  was  established 
by  the  hemotological  indices  and  by  certain  clinical  data. 

The  electrocardiogram  was  taken  for  three-seven 
months,  A  record  of  it  was  made  on  the  day  after  irradiation, 
and  then  every  two  or  three  days  (during  the  acute  period 
of  the  disease)  and  once  every  five  to  seven  days  in  the  sub¬ 
sequent  months  of  the  observation.  The  EKG  recording  was 
made  with  an  EKP-4  apparatus  in  three  standard  leads.  In 
reading  the  electrocardiograms  the  indices  of  the  waves  were 
reduced  to  standard  millivolt  data  (l  mV  »  10  uni)  • 


n  u  nJhe^v°ltage  ot  the  P  wave  was  altered  in  approximat- 
ely  half  of  the  observations  following  irradiation.  X-ir- 
radiation  and  irradiation  with  Sr&9  produced  a  reduction 
in  the  atrial  potentials,  which  not  uncommonly  was  consi- 
derable  (for  example,  X-irradlation,  from  0.11  to  0.03  mV) 
and  the  irradiation  with  p32  w as  usually  accompanied  by  an 
increase  in  the  voltage  of  this  index.  Usually,  the  changes 
in  the  P  wave  were  observed  with  third-degree  injuries  and 
at  the  climax  of  radiation  sickness;  however,  in  a  number 
of  cases  they  occurred  as  early  as  the  day  after  irradiation 
and  in  cases  of  injuries  of  second-  and  even  first-degree. 
The  variations  in  the  P  wave  voltage  could  not  be  explained 
by  the  tachycardia  or  bradycardia  which  developed  after  the 
irradiation. 

,  I^e  atrioventricular  conduction  time  (P-Q)  after  the 

irradiation  was  changed  in  three  cases  two  of  which  had 
been  irradiated  with  X-rays  and  one,  with  Sr°9.  jn  an 
these  cases  an  increase  was  noted  in  the  atrioventricular 
conduction  time  by  0,02  second,  which  was  observed  in  third- 
degree  injuries. 

,  ,  Disturbances  in  the  intraventricular  conduction  time 

iw,RS;  were  noted  in  five  cases:  in  three,  after  X-irradi- 
?Ji0nLin  one>  a££er  the  effect  of  p32f  and  in  one  after 
the  effect  of  Sru9.  in  our  cases  (in  two  after  X-irradi- 
ation  and  in  two  after  the  effect  of  isotopes)  they  were 
characterized  by  an  increase  in  the  duration  of  the  QRS 
(second-third  degree  injuries,  climax  of  radiation  sickness): 
in  one,  by  a  reduction'  in  the  length  of  the  QRS  wave  which 
was,  apparently,  associated  with  the  developing  tachycardia. 

As  is  wel1  known>  the  variations  in  the  voltage  of 
the  QRS  complex  are  characterized  by  a  considerable  depen¬ 
dence  on  the  position  of  the  heart  in  the  chest  cavity,  in 
connection  with  which  an  analysis  of  the  total  index  R  +  S 
has  been  recommended  by  a  number  of  authors  (0.  V.  Kachorov- 
skaya,  Yu.  I.  Arkusskiy) .  We  have  also  studied  the  dynamic 
changes  in  this  index.  The  following  results  were  obtained. 

After  X-irradiation,  in  the  great  majority  of  obser¬ 
vations  as  early  as  on  the  first  day  after  the  irradiation, 
a  pronounced  tendency  was  shown  toward  a  reduction  in  the 
voltage  of  the  QRS  complex. 

Thereby,  second-  and  third-degree  injuries  were  ac- 
companied  by  more  pronounced  reduction  in  voltage  than  the 
mild  injuries.  On  subsequent  days  of  the  observation  (cor¬ 
responding  to  the  latent  period)  the  voltage  A  +  S  increased 
somewhat  (without,  however,  reaching  the  original  level) 
and  then  dropped  again  at  the  climax  of  the  sickness.  In 
two  cases  (in  one,  second-degree  injury;  in  the  other. 
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third-degree)  the  voltage  of  the  ventricular  complex  on 
the  second  day  after  Irradiation  increased;  however,  in 

rtSfr  o??L°La  .second-degree  injury  beginning  with  the  fifth 
day  after  the  irradiation  it  began  to  decrease,  reaching  50 

T1Slnal  1?vel  °»  the  Wth  toy; ’in  a  caw  o? 

was  fomd”?enniater!  al"  tenden°y  ^rd  an  increase 

p32  ov,  in  ^he  R  +  s  voltage  after  the  effect  of 

fL  showed  different  tendencies  depending  on  the  severity 
in  jury  and  the  time  which  had  elapsed  since  the  ir- 
adiation.  Thus,  in  mild  injuries  the  voltage  of  the  QRS 
complex  increased  somewhat  during  the  course  of  the  obser- 
Par^iculafly  immediately  after  the  irradiation.  A 
simiiar  tendency  toward  an  increase  in  the  QRS  voltage  (with- 
3l§ns  of  heart  block)  was  noted  also  in  the  case  of 
third-degree  injuries.  In  the  case  of  second-degree  inlur- 

afLihfhQR?  decreased  chiefly  on  the  37th-50th  day 

after  the  irradiation,  that  is,  after  the  elimination  of  V 
the  acute  signs  of  radiation  sickness.  As  a  whole,  the 
changes  in  the  QRS  after  the  irradiation  with  p32  Were  less 
pronounced  than  after  X-irradlation. 

The  injection  of  Sro9  with  all  degrees  of  inlurv  oro- 
duced  a  regular  reduction  in  the  voltage  of  the  QRS  complex 

mildhf>^c!d^f^rent  ln^lts  Quantitative  relationship,  in  ' 

?  /t4-?ecreafed  only  somewhat  In  the  third  week  af- 
inJecti°n  and  came  back  to  normal  at  the  end  of  the 
ORS  ae°°ud;degree  injuries  the  reduction  in  the 

a  ?otfd  Immediately  after  the  irradiation, 
dav  and  waa  greatest  deviation  came  about  on  the  lOth-llth 
?ha  Li  nS  Pron°unced  as  after  X-irradiation;  in 

dlL°f0t5ird'‘?!free  in Juries  the  voltage  of  the  QRS  com- 
Sdnnad°nn???d4-uap!:?ly  and  considerably,  remaining  markedly 
unJi:L  the  time  of  death  of  the  animals.  Examples 

Figure  the.  QRS  complex  are  Presented  in  the 

thf  <***  characteristics  of  the  QRS  changes  in 

Si  ^  d  animals  mention  should  be  made  of  the  occur- 
°f  S^VorSQlnJury  in  certain  cases  produced  by  X-irra- 
MS  lrradlatl0n  "«h  electrical  alterltLHn 

inii-iaiCiaSC^i  evaluation  of  the  changes  obtained  in  the 
al  Part  of  the  ventricular  complex  after  radiation  in- 
haSHf*  in  °Pini°n^  should  be  based  on  the  fact  which 
th  well  established  clinically  and  experimentally: 

ere  is  a  regular  reduction  in  the  voltage  of  the  electro- 

ginsi?MravalnfldiffUSepmy0Cardlal  inJuries  of  various  ori- 
RJL i?-  ?u  Ye-  Lukomakiy,  L.  I.  Fogel  *  son  and 

others).  Therefore,  the  reduction  in  the  voltage  of  the 
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‘OHS  complex  and  in  th*  f  wave  in  the  process  of  reflation  • 
injury  should  tee  regarded  as  a  result  of  pronounced  wno- 
tioaai,  and  possibly,  also  anatomical  (in  the  late  period) 
changes  in  the  myocardium  produced  by  radiation,  in  mas 
aspect  the  most  considerable  myocardial  disturbances  arise 
under  the  influence  of  x-radi&tlon  and  -radiation  of  <..r°  * 
The  increase  in  the  voltage  of  the  QRS  complex,  including 
in  the  case  of  lethal  injuries,  which  we  and  certain  other 
authors  have  noted  is  evidence,  apparently,  of  a  lesser  de- 
'  gree  of  involvement  of  the  myocardium  in  a  severe  picture 
of  the  disease  or  is  a  reflection  of  distinct  parabiotic 
disorders  arising  in  the  myocardium  after  irradiation. 


Electrocardiograms.  The  Effect  of  irradiation  with  Radio¬ 
active  3*89,  Third-Degree  Injury* 

a  —  before  irradiation!  b  —  after  13  days}  c  —after  16 
day»!  a  considerable  reduction  la  noted  in  the  voltage  or 
the  QRS  complex,  particularly  at  the  height  of  the  injury. 

The  T  wave  in  the  control  group  did  not  »how  any 
regular  variations  in  the  voltage.  After  X-lrradiatloa 
the  voltage  of  it  decreased  chiefly  in  the  severe  ana  mod¬ 
erate  injuries,  ..  . 

A  reduction  was  observed  on  the  sixth-seventh  day 
(after  Irradiation)  and  was  maintained  throughout  the  en¬ 
tire  period  of  the  sickness.  Sometimes  the  reduction  in 
the  T  wave  voltage  was  preceded  by  a  certain  increase  in 
it,  whereby  it  acquired  a  distinct  peaked  fora,  A  tendency 
toward  an  increase  in  the  T  wave  voltage  was  observed  also 
after  first-degree  injuries.  In  three  cases,  after  X~ ir¬ 
radiation  producing  second-  and  third-degree  injuries,  the 
xo  st  considerable  electrocardiographic  changes  were  noted 
the  day  after  irradiation*  a  marked  reduction  in  the  volt¬ 
age  of  the  QRS  complex,  a  negative  T  wave  in  lead  I  or  III 
with  opposite  shifts  in  the  S-T  interval  in  leads  1  ana 
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Ill,  that  is,  the  picture  of  an  acute  focal  injury  occurred, 
particularly  since  the  subsequent  period  was  characterized 
either  by  the  maintenance  of  a  negative  T  wave  or  by  the 
gradual  transition  of  it  to  a  small  positive  T  wave,  and  the 
slow  return  of  the  S-T  interval  to  the  isoelectric  line.1 

The  effect  of  P32  and  Sr°9  in  cases  of  first-degree 
injuries  did  not  produce  any  essential  changes  in  the  T 
wave. (  In  second-  and  third-degree  injuries,  as  after  X- 
irradiation,  a  regular  tendency  was  observed  toward  a  reduc¬ 
tion  in  the  T  wave  voltage,  particularly  after  injuries 
produced  by  Sro9,  when  the  voltage  dropped  to  50  percent  of 
the  original  value  or  more.  In  certain  cases  the  reduction 
in  T  wave  voltage  was  .observed  chiefly  during  thd  recovery 
period  (30th-45th  day  after  the  irradiation,  second-degree 
injury)  and  was  maintained  in  the  subsequent  observation, 
which,  apparently,  attested  to  the  occurrence  of  irreversi¬ 
ble  (morphological)  changes  in  the  myocardium  as  a  result 
of  radiation  injury. 

Therefore,  in  all  types  of  irradiation  with  second- 
and  third-degree  injuries  a  regular  reduction  in  the  T  wave 
voltage  is  observed,  which  is  most  pronounced  after  X-irra- 
diation  and  Sr”9  irradiation.  Changes  in  the  T  wave  were 
noted  most  often  during  the  period  of  the  climax  of  the 
sickness;  however,  in  a  number  of  cases  they  occurred  even 
during  the  first  few  days  after  the  irradiation. 

In. the  control  group  more  or  less  pronounced  distur¬ 
bances  in  the  level  or  shape  of  the  S-T  interval  were  not 
found  on  dynamic  observation. 

After  irradiation  the  changes  in  the  S-T  interval  were 
noted  in  approximately  one-third  of  the  observations  and  oc  - 
curred  in  all  types  of  irradiation.  Disturbances  in  the  vol¬ 
tage  of  the  S-T  interval  were  of  varied  nature.  Most  often, 
this  was  a  deviation  from  the  isoelectric  line  by  the  S-T 
interval  were  of  varied  nature.  Most  often,  this  was  a  de¬ 
viation  from  the  isoelectric  line  by  the  S-T  interval  in 
one  lead  or  in  several  leads  simultaneously  (concordantly) ; 
changes  in  the  shape  of  the  S-T  interval  were  also  observed 
(saddle-shaped,  dome-shaped,  etc.).  Deviations  and  defor¬ 
mities  of  the  S-T  interval  occurred  chiefly  at  the  height 
of  the  sickness;  however,  in  six  cases  they  were  observed 
as  early  as  on  the  second  day  after  irradiation.  The  latter 
were  cases  of  second-  and  third-degree  injuries.  As  far 
as  the  relationship  of  the  changes  in  the.  S-T  interval  to 
the  injurious  agent  are  concerned  a  relatively  greater 
number  of  changes  and  a  greater  degree  of  expression  of 
them  came  about  in  cases  of  Sr°9  irradiation  and  X-irradi- 
ation. 
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Changes  in  the  T  wave  and  in  the  S-T  interval  are 
given  importance  in  modern  cardiology.  Usually,  they  are 
regarded  in  connection  with  the  nature  of  the  metabolic 
processes  in  the  ventricular  myocardium  (ye.  I.  Borisova 
and  V.  S.  Rusinov,  A,  F.  Tur,  L.  I.  Fogel'son  and  others), 
because  they  consist  of  a  very  dynamic  electrocardiographic 
indices  and  react  rapidly  to  various  influences  reflected 
on  the  metabolic  processes  in  the  cardiac  muscle  (m.  Yak 
Ar  yev,  Pk  Ye,  Lukomskiy,  V.  A.  Shidlovskiy  and  E.  A.  Kyan- 
vzhuntseva  and  others).  The  reduction  in  the  T  wave  volt¬ 
age  in  dynamic  observations  usually  occurs  with  pronounced 
diffuse  myocardial  injuries  (M.  Ya.  Ar'yev,  P.  Ye.  Lukom¬ 
skiy),  deviation  in  the  level  of  the  S-T  interval  and  a 
high  T  wave  in  the  case  of  various  disturbances  of  metabo¬ 
lism  in  the  myocardium  ("anoxia"),  inversion  of  the  T  wave 
with  the  formation ‘°f  a  dome-shaped  S-T  interval  and  changes 
in  the  QRS  complex  with  a  subsequent  picture  of  a  gradual 
recovery  are  characteristic  of  the  large-focus  myocardial 
injuries  (V,  Ye#  Nezlin,  L*  I*  Fogelfson,  V#  G.  Popov), 

obtained  indicate  indubitable  and  essential 
disturbances  in  the  myocardial  function  after  irradiation. 


Conclusions 

1.  Observations  on  electrocardiographic  changes  in 
acute  radiation  sickness  groduced  by  X-irradiation  and  the 
p-radiation  of  p32  and  sr89  permit  us  to  believe  that  the 
radioactive  isotopes,  like  X-irradiation,  produce  regular 
disturbances  in  the  electrical  activity  of  the  myocardium, 

2.  Most  frequently  a  reduction  in  the  electrocardio 
graphic  voltage  (R  and  T  waves,  QRS  complex),  a  displace¬ 
ment  or  deformity  of  S-T  interval  are  observed. 

3.  These  disturbances  may  be  noted  in  various  pha¬ 

ses  of  radiation  sickness  and  sickness  produced  by  p32  ir_ 
ra$Qa^0n  an<^  n°k  in  the  case  of  severe  injuries. 

Sr  y  produces  greater  electrocardiographic  changes  than 
does  Pj^,  and  in  a  number  of  cases  they  are  more  pronounced 
than  after  X-irradiation. 
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The  Effect  of  Po210  on  the  Body 
B.  B.  Moroz  and  N.  P.  Smirnova 

The  study  of  the  biological  effect  of  polonium  as  a 
source  of  a-radiation  is  of  considerable  interest  for  radio- 
biology.  The  current  importance  of  this  problem  has  in¬ 
creased  particularly  in  fecent  years,  when  in  connection 
with  the  development  of  the  atomic  industry  the  danger  of 
the  effect  of  polonium  on  people  under  industrial  conditions 
has  arisen  (Anthoni,  Davis,  Couden,  Jolley  and  others). 

po210  Was  discovered  in  1898  by  Marie  and  Pierre  Curie 
it  is  a  practically  pure  a-emitter.  The  admixture  of  Y-radi- 
ation  is  usually  not  taken  into  account  because  of  the  little 
energy  and  low  intensity  of  it:  a  total  of  seven  to  eight 
quanta  of  Y-rays  with  an  energy  of  0.773  MeV  is  emitted  pec 
million  a-particles  with  an  energy  of  5.3  MeV.  In  under¬ 
going  a-disintegration,  Po^lO  is  converted  to  a  stable  iso¬ 
tope.  The  half-life  period  of  Po210  is  equal  to  138.3  days. 
Thelength  of  the  path  of  the  a-particles  of  polonium  in  air 
under  normal  conditions  is  equal  to  3.85  centimeters;  in 
tissues  it  does  not  exceed  30~^-0  n,.  Per  millimeter  of  its 
path  (in  air)  the  a-particle  of  polonium  forms  2510  pairs 
of  ions,  which  characterizes  its  great  ionization  density; 
in  tissues  the  ionization  density  is  even  greater  —  it 
amounts  to  2000-5000  ion  pairs  per  n  of  its  route.  Polonium 
may  be  obtained  in  an  imponderable  quantity  of  carrier.  It 
is  a  heavy  metal  with  amphoteric  properties;  in  the  chemi¬ 
cal  sense  it  may  behave  like  its  neighbors  in  the  periodic 
table,  bismuth  or  tellurium.  In  an  alkaline,  neutral  or 
slightly  acid  medium  it  forms  colloidal  hydroxides.  In 
the  body  It  readily  forms  complexes  with  proteins,  which 
determines  the  number  of  characteristics  of  its  biological 
effect. 

The  first  work  on  the  study  of  the  biological  effect 
of  polonium  refers  to  1913  (Fernau,  Schramek,  Zarzyski). 

In  this  work  there  are  statements  concerning  the  change  in 
composition  of  the  peripheral  blood,  the  lengthening  In  the 
blood  coagulation  time,  and  the  occurrence  of  hemorrhages 
in  various  organs  affected  by  polonium  in  animals. 

The  local  effect  of  polonium  on  the  skin,  mucous  mem¬ 
branes,  and  wound  regeneration  has  been  studied  by  a  group 
of  roentgenocurle  therapists  (A.  V.  Bartel* s,  M.  N.  Pobedin- 
skiy,  E.  G,  Gracheva,  Ye.  N.  Petrova,  A.  A.  Fomina,  N.  Iva¬ 
nov).  With  the  direct  effect  of  polonium  on  the  human  skin 
or  on  the  animal  skin  (dose  of  from  0.7  to  513  ESE  per  hour) 
N.  Ivanov  found  degenerative  changes  in  the  malpighian  layer 
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of  the  epidermis  and  epithelium  of  the  hair  sheaths*  The 
depth  of  injury  exceeded  the  area  of  the  path  of  a-parti- 
cles  in  the  tissues.  In  the  experimental  irradiation  of 
skin  wounds  with  a-particles  of  polonium  it  was  possible  to 
observe  an  acceleration  or  slowing  of  the  peeling  processes 
depending  on  the  dose.  Two  days  after  the  local  application 
of  polonium  in  a  dose  of  20-25  ESE  for  24  hours  deep-seated 
necrotic  changes  in  the  functional  layer  of  the  uterine  mu¬ 
cosa  were  found;  after  smaller  doses,  degenerative  changes 
in  the  functional  layer  with  subsequent  slowing  of  regener¬ 
ation  (A.  V.  Bartel’s,  Ye.  G,  Gracheva  and  others).  With 
the  application  of  plates  covered  with  polonium  in  a  quan¬ 
tity  of  10  m.C  in  a  pferiod  of  from  10  seconds  to!  30  minutes 
to  the  skin  of  mice  as  well  as  after  immersion  of  such  a 
plate  through  a  skin  incision  in  the  epidermis  signs  of  rad¬ 
iation  injury  were  found  —  the  manifestation  of  anomalous 
nuclei,  micronuclei,  vacuolization,  pycnosis,  mitotic  dis¬ 
orders  (Kreyberg  and  Devik;  Devik).  When  the  plate  is  put 
under  the  skin  the  signs  were  expressed  to  an  even  greater 
degree;  in  addition,  signs  of  general  radiation  injury  were 
observed. 

Polonium  is  a  great  hazard  when  it  enters  into  the 
body  through  the  respiratory  tract,  digestive  tract,  skin, 
and,  in  addition,  experimentally  by  any  parenteral  route. 
According  to  the  data  of  a  number  of  Soviet  authors,  when 
polonium  is  injected  under  the  skin  in  a  quantity  of  0.05- 
0,lo  mC/kg  an  acute  radiation  sickness  develops  with  death 
of  dogs  in  a  period  of  two-five  weeks  (V.  S.  Balabukha,  I. 

K.  ..Petrovich,  V,  P.  Fedotov,  S.  M.  Mikhaylovich  and  R.  S. 
Krivchenkova) .  The  absolutely  lethal  dose  for  dogs  is  0.02- 
0.03  mC/kg;  this  quantity  causes  a  subactite  radiation  sick¬ 
ness  (V.  S.  Balabukha,  Z.  I.  Poluboyarlnova,  B.  I.  Lebedev). 
After  the  injection  of  0.2  mC/kg  Of  polonium  by  mouth  death 
of  100  percent  of  the  animals  occurs  in  late  periods,  after 
7-12  months,  with  a  chronic  course  of  the  process  (A.  Ya0 
Shulyatikova,  V.  S.  Balabukha).  Rabbits  and  rats  apparently 
are  somewhat  less  sensitivie  to  polonium.  Acute  injury  af¬ 
ter  the  parenteral  injection  of  the  same  preparation  of 
polonium  develops  after  the  injection  of  0.1-0. 2  mC/kg  (V. 

V.  Vasll’yevskaya,  B.  B,  Moroz,  N.  P,  Smirnova,  M.  S.  Uspen¬ 
skaya,  A.  Ya.  Shulyatikova,  A.  G.  Izergina,  T.  L.  Zayets, 

M,  G.  Zotova  and  others).  Chronic  injury,  which  also  causes 
100  percent  mortality  of  the  animals,  can  be  produced  in  rats 
by  the  subcutaneous  injection  of  0.01  mC/kg  of  polonium  (M. 

G.  Zotova)  or  by  the  oral  administration  of  one  mC/kg  (N.P, 
Smirnova).  In  rabbits  subacute  injury  with  100  percent  mor¬ 
tality  of  the  animals  after  two-five  months  was  obtained 


after  the  subcutaneous  injection  of  0.03  mC/kg  of  polonium 
(B.  B.  Moroz  and  V.  V.  Vasil 'yevskaya) . 

In  the  literature  there  are  actually  no  data  concern¬ 
ing  the  quantities  of  polonium  which  can  be  tolerated  by 
animals  after  injection  of  the  preparation  into  the  body. 

At  the  Geneva  Conference  on  the  Use  of  Atomic  Energy  for 
Peaceful  Purposes  in  1955  data  were  presented  to  the  effect 
that  the  minimum  effective  dose  for  rats  after  intravenous 
injection  is  0.75  and  0*5  M-C/kg  (Anthoni,  Davis,  Couden, 
Jolley) .  Under*  these  conditions,  the  toxic  effect  was  ex¬ 
pressed  only  in  a  transitory  mild  form  of  kidney  injury, 
accelerated  aging  and  a  considerable  reduction  in  the  life 
span.  The  dose  of  polonium  representing  the  boundary  between 
the  minimally  effective  dose  and  the  tolerances  dose  is  0,25 
(j.C/kg .  On  the  basis  of  calculated  data  the  authors  arrive 
at  the  conclusion  that  the  maximum  permissible  dose  for  man 
is  0.003  |aC/kg  of  polonium. 

In  the  investigations  of  foreign  authors  the  deter¬ 
mination  of  the  toxicity  of  polonium  according  to  the  mini¬ 
mum  lethal  dose  —  the  LD50  is  accepted.  Pink  and  others 
in  experiments  on  rats  established  an  LD50/20  of  15  M-C/kg 
after  intravenous  injection;  an  LD50/30,  of  30  pC/kg.  Fin- 
kel  and  his  co-authors  confirmed  these  data,  establishing 
the  fact  that  the  LD50/30  for  mice  is  within  the  limits  of 
30-40  M-C/kg  after  the  intravenous  injection  of  polonium  in 
the  same  solvent.  According  to  Hursch,  after  the  intra¬ 
venous  injection  of  polonium  into  rats  in  a  dose  of  36  p.C/kg 
the  average  life  span  was  equal  to  22  days. 

Data  concerning  the  comparative  toxicity  of  three 
a-radioactive  elements  —  radium,  plutonium  and  polonium  — 
obtained  experimentally  and  by  calculation  (Pink)  are  of 
definite  interest.  The  most  toxic  of  these  elements  was 
polonium,  whereby  this  was  particularly  distinctly  expres¬ 
sed  in  the  acute  forms  of  injury.  Among  the  possible  causes 
accounting  for  this  marked  difference  in  toxicity  the  authors 
consider  the  half-life  period,  the  degree  of  retention  in 
the  body  as  a  result  of  unequal  excretion,  the  quantity  of 
energy  liberated  with  a-disintegration,  as  well  as  the  char¬ 
acteristics  of  the  distribution  of  the  elements  in  the  body. 
The  authors  consider  the  latter  the  decisive  cause  of  the 
differences  in  the  toxicity  of  the  three  elements.  Accor¬ 
ding  to  the  LD50/3OJ  expressed  in  physical  roentgenequiva- 
lents  and  by  taking  into  consideration  the  half-life  period, 
the  energy  of  a-particles,  the  energy  of  disintegration  of 
the  daughter  products  of  radium,  and  the  differences  in  ex¬ 
cretion  of  the  elements  the  toxicity  of  polonium  was  120 
times  greater  than  the  toxicity  of  radium. 
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The  excretion  of  polonium  after  entering  the  body 
by  any  route  Is“accomplished  chiefly  by  the  gastrointes¬ 
tinal  tract  and  by  the  kidneys.  In  the  excretion  of  polon¬ 
ium  from  the  body  all  the  digestive  glands  participate. 
Polonium  is  found  in  the  saliva,  bile,  gastric  juice,  small 
intestinal  Juice,  (S.  R.  Perepe3.kin) .  The  excretion  of  it 
occurs  al^o  through  the  skin  glands  (B.  N.  Tarusov) .  In  his 
time  Lacassaigne  found  that  polonium  is  excreted  chiefly 
through  the  kidneys  after  parenteral  administration  (1924- 
1928) ,  According  to  recent  data,  the  excretion  in  the 
stool  exceeds  the  polonium  excretion  in  the  urine  by  many 
times.  Excretion  of  polonium  in  the  stool  after  the  intra¬ 
venous  injection  of  it  into  rats  (10-30  pC/kg)  is  maximal  aa 
the  third  day  and  exceeds  its  excretion  in  the  urine  by  60 
times*  Afterwards,  the  24-hour  excretion  of  polonium  in 
the  stool  is  reduced  (Fink) .  According  to  the  data  of  M. 

A.  Zaytseva,  following  a  subcutaneous  injection  of  0.075- 
0.1  pC/kg  of  polonium  into  rats  124  times  more  of  it  is  ex¬ 
creted  in  the  stool  on  the  fifth  day  than  in  the  urine.  Af¬ 
ter  inhalation  (observations  on  people  --  Foreman,  Mass, 
Eustler)  the  excretion  of  polonium  in  the  stool  during  the 
early  period  exceeds  its  excretion  in  the  urine  by  two  or 
three  orders  of  magnitude;  after  five  months  the  difference 
becomes  ten-fold. 

.  Polonium  excretion  begins  from  the  first  few  minutes 
after  the  polonium  enters  the  body.  Thus,  after  the  subcu¬ 
taneous  injection  of  polonium  it  was  found  in  the  first  por¬ 
tion  of  urine  in  dogs  with  exteriorized  ureters  (Z.  I.  Pol- 
uboyarinova) .  The  excretion  of  polonium  proceeds  most  in¬ 
tensely  during  the  first  few  days,  which  leads  to  a  rapid 
and  noticeable  reduction  in  its  content  in  the.  body  compared 
with  the  dose  administered.  At  later  periods  the  excretion 
of  polonium  is  maintained  at  a  low  and  quite  constant  level. 
After  the  administration  of  polonium  by  mouth,  from  30  to 
40  percent  of  the  dose  is  excreted  in  the  stool  during  the 
first  few  days,  which  is  evidence  of  a  low  degree  of  polon¬ 
ium  absorption  from  the  gastrointestinal  tract  (V.  S.  Bal- 
abukha,  1954) /  According  to  Fink,  less  than  10  percent  of 
the  quantity  administered  is  absorbed  through  the  gastro¬ 
intestinal  tract.  After  the  intravenous  injection  fo  10-30 
pC/kg  into  rats  the  intensity  of  excretion  of  polonium  drops 
from  five  percent  of  its  quantity  in  the  body  on  the  third 
day  after  the  injection  to  1.3  percent  of  the  residual  polon¬ 
ium  by  the  80th  day,  and  it  remains  at  this  level  up  to  the 
300th  day.  As  a  result  of  excretion  and  loss  through  radio¬ 
active  disintegration  70  percent  of  the  quantity  of  polonium 
administered  remains  in  the  body  on  the  10th  day;  on  the 
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30th  day,  50  percent;  300  days  after  the  injection,  a  total 
of  one  percent  of  the  dose  administered  (Fink).  Similar 
data  have  been  obtained  in  similar  experiments  on  mice 
(Finkel  and  others).  Therefore,  30  days  is  considered  the 
biological  half-life  period  of  polonium  (loss  of  the  admin¬ 
istered  dose  of  50  percent  through  excretion  and  radioactive 
disintegration) .  Anthoni  and  coauthors  determined  the  per¬ 
iod  of  biological  half-life  of  polonium  to  be  35  days  after 
intravenous  injection, 

A  diffuse  type  of  distribution  in  the  body  with  a 
preferential  deposition  in  the  organs  of  the  reticulo-endo.- 
thelial  system  is  characteristic  of  polonium.  Several  min¬ 
utes  after  subcutaneous  injection  it  appears  in  the  blood; 
its  concentration  increases  up  to  the  second  or  third  day, 
and  then  a  slow  reduction  of  -it  is  observed  (L.  L.  Khamayde) . 
After  intravenous  injection  the  reduction  in  polonium  con¬ 
centration  in  the  blood  begins  after  10  minutes  (Gallimore 
and  others).  Simultaneously,  polonium  may  be  found  auto-, 
radiographically  or  by  a  radiochemical  method  infpractically 
all  the  organs  and  tissues  (Lacassagne  and  co-workers.  Ye. 

V.  Erleksova,  Fink,  Finkel  and  others,  Gallimore  and  others, 
L.  L.  Khamayde  and  others).  However,  polonium  is  accumula¬ 
ted  in  a  larger  quantity  in  the  lymph  nodes,  spleen,  liver, 
as  well  as  in  the  cortical  layer  of  the  kidneys,  thymus, 
sex  glands.  A  relatively  high  degree  of  accumulation  of 
polonium  has  been  shown  in  the  lactating  breast  (Lacassagne 
and  Cotelle),  a  deposition  of  it  in  an  inflammatory  focus 
(L»  L.  Khamayde,  A,  I.  Chuchukalo),  and  in  tumor  tissue, 
particularly  that  undergoing  disintegration  (Vekerdi  and 
others). 

The  quantity  of  the  element  and  the  route  of  adminis- 
tration  in  the  body  have  essentially  no  effect  on  the  nature 
of  polonium  distribution.  Inhalation  constitutes  an  excep¬ 
tion;  hereby,  up  to  30  percent  of  the  dose  is  retained  in 
the  lungs;  the  rest  enters  the  blood  and  is  subject  to  ex- 
cre1:ion  distribution  just  as  after  the  intravenous  route 
adwinistration  (Fink) .  However,  the  opinion  exists  that 
the  distribution  of  polonium  after  oral  administration  dif¬ 
fers  somewhat  from  that  after  intravenous  administration, 
which,  incidentally,  does  not  lead  to  any  differences  in 
the  toxicity  of  the  radioactive  substance  (Stannard,  Della 
Rosa,  Thomas) .  Distribution  and  excretion  of  polonium  af¬ 
ter  inhalation  reflects  the  entrance  of  the  element  into 
the  body  through  the  respiratory  and  digestive  tracts  (Berke, 
Di  Pasqua).  Depending  on  the  time  which  has  elapsed  after 
injection,  a  certain  redistribution  of  polonium  occurs. 
Twenty-four  hours  after  intravenous  injection  of  10-30  |iC/kg 
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of  polonium  into;  rats  the  highest  specific  concentration  of 
the  element  (Pink)  was  noted  in  the  mesenteric  lymph  nodes 
(10.4  percent  per:  gram  of  weight  of  the  organ);  then  in  the 
spleen-  (5.1  percent),  kidneys  (3.6  percent),  blood  cells 
(2.3  percent) ,  liver  (1.69  percent).  Ten  days  after  the  in¬ 
jection  the  greatest  quantity  of  the  polonium  is  found  in 
the  spleen,  which  contains  9.3  percent;  then,  in  the  mesen¬ 
teric  lymph  node  (6.1  percent),  kidneys  (4.3  percent),  blood 
cells  (1*24  percent),-  liver  (1.34  percent).  The  content  of 
polonium  in  the  brain  is  insignificant  for  the  entire  period 
following  the  administration  and  usually  does  not  exceed 
0.05  percent.  These  data  are  in  agreement  with  the  inves¬ 
tigations  of  Ye.  V.  Erleksova,  L.  L.  Khamayde  and  other  au¬ 
thors. 

On  histoautographic  investigation  ^-particle  tracks 
are  found  coming  from  the  reticulo-endothelial  cells,  paren¬ 
chymatous  organs,  epithelium,  and  from  the  external  struc¬ 
tural  elements  (Ye,  V.  Erleksova).  The  characteristics  of 
polonium  distribution,  like  that  of  other  radioactive  ele¬ 
ments,  are  associated  with  its  physico-chemical  properties. 
Polonium  enters  the  blood  in  a  highly  dispersed  state  and 
it  is  distributed  diffusely  throughout  all  the  organs.  In 
a  neutral  medium  of  the  body  it  shows  its  property  of  form¬ 
ing  colloidal  complexes  with  proteins.  The  colloidal  par¬ 
ticles  formed  are  sorbed  onto  the  erythrocyte  membranes,  and 
are  phagocytized  along  with  them  by  the  istiocytes  and  mac¬ 
rophages  (B.  N.  Tarusov,  Ye.  V.  Erleksova,  L.  L.  Khamayde). 
Therefore,  in  the  late  periods  following  injection  of  polon¬ 
ium  it  accumulates  chiefly  in  the  reticulo-endothelial  cells 
in  the  form  of  large  particles.  These  large  particles  are 
found  on  the  autoradiographs  in  the  form  of  "stars,"  do  not 
penetrate  through  membranes  of  excretory  organs  and,  for  prac 
tical  purposes,  remain  in  the 'body,  creating  foci  with  a 
very  great  radiation  energy  density  (B.  N.  Tarusov,  L.  L. 
Khamayde,  Ye.  V.  Erleksova,  Gallimore  and  others).  The  dcs  e 
rate  of  irradiation  in  the  center  of  a  macrophage,  accord¬ 
ing  to  the  data  of  B.  N.  Tarusov,  amounts  to  30-40  r/day; 
in  the  vicinity  of  it,  5  to  10  r/day.  The  greater  toxicity 
of  polonium  in  comparison  with  other  a-active  elements  is 
explained  by  the  tendency  of  it  toward  aggregation  and  con¬ 
sequently  the  creation  of  local  powerful  foci  of  irradiation 
in  organs  with  a  high  degree  of  radiosensitivity  (B.  N.  Taru¬ 
sov,  Pink). 

The  calculation  of  tissue  doses  of  irradiation  made 
with  the  arbitrary  assumption“of  a  uniform  distribution  with¬ 
in  the  organ  shows  that  after  the  intravenous  injection  of 
25  p,C/kg  of  polonium  into  mice  the  spleen  and  lymph  nodes 
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receive,  respectively,  170  and  48  rep/day  during  the  initial 
period;  after  120  days,  7  and  1.7  rep/day  (Finkel  and  others). 
In  chronic  polonium  injury  produced  by  the  implantation  of 
78.5  mC/kg  of  the  preparation  in  a  gelatin  capsule  under 
the  skin,  the  total  dose  of  radiation  received  by  the  renal 
cortex  and  spleen  over  the  course  of  approximately  200  days 
amounts  to  approximately  10,000  rep  (Kreyberg,  Devik) . 

Gallimore,  Boyd  and  Stannard  assume  the  possibility 
of  formation  of  polonium  aggregates  in  injectible  solutions; 
therefore,  the  solvent  used  is  of  definite  importance  for 
the  toxicity  and  distribution  of  polonium.  In  the  works  of 
American  authors  polonium  chloride  is  usually  used.  Soviet 
authors  have  injected  polonium  in  a  nitric  acid  solution 
neutralized  with  alkali  with  the  addition  of  mannitol.  The 
latter  forms  a  readily  soluble  complex  compound  with  polon¬ 
ium.  Gallimore  also  points  to  the  possibility  of  disintegra¬ 
tion  of  polonium  aggregates  in  organs,  the  washing  out  of 
it  into  the  blo.od,  and  the  excretion  of  it  through  the 
natural  excretory  systems. 

Observations  on  people  who  were  injected  intraven¬ 
ously  for  therapeutic  purposes  with  0.17-0,3  pC/kg  of  polon¬ 
ium  made  it  possible  to  obtain  data  on  the  excretion  and  pol¬ 
onium  concentration  in  the  blood  similar  to  results  obtained 
experimentally  on  animals  (Fink) . 

As  has  been  noted  above,  the  nature  of  radiation  sick¬ 
ness  depends  on  the  quantity  of  polonium  and  the  method  of 
administration  of  it.  The  development  of  the  pathological 
process  is  conditioned  essentially  by  the  individual  sensi¬ 
tivity  or  resistance  of  the  animals  (I.  A.  Pigalev,  1954). 

The  clinical  picture  of  polonium  injury  in  different 
species  of  animals  is~basically  unitypical.  In  connection 
with  this,  we  should  like  to  limit  ourselves  to  a  brief  des¬ 
cription  of  the  clinical  picture  of  the  acute  and  subacute 
forms  of  radiation  sickness  in  dogs  (V.  P.  Fedotov). 

During  the  first  few  days  after  the  injection  of  radio¬ 
active  substance  the  animals  are  apparently  no  different  from 
normal.  The  latent  period  lasts  usually  five  to  seven  days 
and  is  shortened  somewhat  only  after  the  administration  of 
large  quantities  of  polonium.  Afterwards,  the  animals  be¬ 
come  sluggish;  there  is  a  loss  of  appetite,  the  body  weight 
decreases,  and  there  is  a  leukopenia.  All  these  signs  con¬ 
tinue  to  progress,  diarrhea  is  frequently  noted  with  mucus 
or  an  admixture  of  blood,  and  there  is  vomiting  and  a  marked 
thirst.  Photophobia,  conjunctivitis,  rhinitis  develop,  and 
punctate  hemorrhages  are  found  on  the  oral  mucosa  and  conjunc¬ 
tiva  of  the  eyes.  In  cases  of  subcutaneous  administration 
of  polonium  edema  and  hyperemia  is  noted  at  the  site  of  in- 
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jeetion;  then,  there  is  an  infiltrate  which  is  replaced  by- 
necrosis  and  the  occurrence  of  an  ulcer  with  undermined, 
slowly  granulating  edges.  Before  death  the  experimental 
dogs  lie  motionless,  do  not  react  to  stimulation,  refuse 
food;  the  leucocyte  count  goes  down  to  500  per  cubic  milli¬ 
meter;  the  weight  drops  to  30-40  percent  of  the  original. 

The  loss  of  appetite,  occurrence  of  vomiting,  diarrhea  and 
weight  loss  attest  to  serious  disturbances  in  the  function 
of  the  gastro-intestinal  tract.  In  experiments  on  dogs  un- 
der  conditions  of  acute  and  subacute  injury  considerable 
changes  are  found  in  the  secretory  activity  of  the  gastric 
and  small  intestinal  glands,  which  is  manifested  in  hyperse¬ 
cretion  (S.  R,  Perepelkin). 

In  a  subactue  course  the  signs  of  radiation  sickness 
have  a  lesser  degree  of  expression  primarily.  However,  the 
presence  of  a  critical  period"  is  very  characteristic.  The 
fully  developed  picture  of  radiation  sickness  was  usually 
demonstrated  after  two  or  three  weeks,  if  the  animals  did 
not  die  their  condition  subsequently  improved.  The  period 
of  relative  compensation  lasted  one  and  a  half  to  two  weeks. 
Usually,  the  condition  of  the  animals  suddenly  deteriorated 
markedly,  and  after  several  days  they  died.  An  increase  in 
body  temperature  was  noted  in  part  of  the  animals  (25-40  per¬ 
cent)  at  the  climax  of  radiation  sickness. 

As  a  rule,  the  increase  in  temperature  on  the  basis 
of  the  data  of  the  pathological  examination  could  be  tied 
in  with  the  development  of  Infectious  complications.  At 
the  same  time,  cases  occurred  where  at  autopsy  the  presence 
of,  for  example,  pneumonia  was  determined,  whereas  no  in¬ 
crease  in  body  temperature  had  been  noted  in  the  animal. 

°^serva^i°ns  can  attest  to  one  of  the  characteristics 

?£  „  °0U3?se°f  the  infectious  process  in  radiation  sickness 

(B.  B.  Moroz) . 


*  4.u  In  the  late  periods  in  cases  of  the  subacute  course 
oi  the  radiation  process  indolent  ulcers  occurred  in  the  ' 
animals  not  only  at  the  site  of  Injection  of  polonium  but 
also  in  other  areas  of  the  body.  In  dogs,  for  example,  they 
were  most  often  localized  In  the  lumbar  area  or  on  the  feet 
—  symmetrically  on  the  posterior  or  on  both  anterior  and 
posterior  extremities  (v.  P.  Fedotov). 

The  clinical  picture  of  chronic  radiation  sickness 
has  practically  not  been  studied.  Scattered  observations 
constitute  evidence  of  the  phasic  course  of  the  process: 
disorders  of  functional  activity  of  various  systems  are  re¬ 
placed  by  periods'  of- relative  compensation;  a  marked  exhaus¬ 
tion  of  the  animals  and  increasing  changes  in  the  kidnevs 
are  also  characteristic. 
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Study  of  the  picture  of  the  peripheral  blood  (I.  K. 
Petrovich)  hias  shown  that  in  acute  injury  by  polonium  a 
lymphocytopenia  and.  neutropenia  are  observed,  and  before 
death  of  the  dogs  an  aleukia  occurs.  The  red  blood  count 
also  decreases*  reaching  50  percent  of  the  original  quan¬ 
tity  at  the  time  of  death*  The  color  index  increases,  and 
becomes  higher  than  unity.  A  subacute  course  of  the  injury 
is  characterized  by  a  slow  but  progressive  decrease  in  the 
leucocyte,  reticulocyte  and  erythrocyte  counts  and  in  the 
hemoglobin.  With  the  superimposition  of  infectious  complica¬ 
tions  leucocytosis  was  observed;  a  distinctive  feature  of 
it  was  the  absence  of  any  increase  in  young  forms  of  cells 
(A.  G.  Izergina  and  V.  V.  Snegireva). 

With  a  chronic  course  of  the  disease  with  death  after 
five-seven-nine  months  the  lymphocyte  count  was  reduced  at 
all  the  times  observation  was  made;  the  total  leucocyte 
count  was  at  the  lower  limits  of  normal.  Before  death  a 
neutrophilia  and  monocytosis  were  noted.  Anemia  which  de¬ 
veloped  from  polonium  injuries  was  apparently  not  connected 
with  a  disturbance  in  hemoglobin  synthesis  (Thomas,  Altman, 
Stannard,  Salomon) .  These  authors,  utilizing  the  uptake  of 
carbon-tagged  glycine  as  an  index,  showed  that  the  relative 
rate  of  hemin  and  globin  synthesis  are  not  noticeably  changed. 

Essential  disturbances  were  found  in  the  blood  coagu- 
lating_system  a3  well  as  changes  in  the  capillary  fragility 
and  permeability  (A.  S.  Petrova,  I.  K.  Petrovich,  S.  M.  Mik¬ 
haylovich  and  R.  S.  Krivchenkova) .  The  platelet  count  in 
the  blood  after  acute  polonium  injury  decreases  sharply. 

The  coagulation  time  of  the  blood  increases  by  one  and  one- 
half  to  three  times  beginning  with  the  first  day  of  the  sick¬ 
ness;  death  of  the  dogs  occurs  in  the  presence  of  a  marked 
disturbance  in  the  process  of  blood  coagulation  (S.  M.  Mik¬ 
haylovich  and  R.  S.  Krivchenkova).  Distinct  and  persistent 
disturbances  were  noted  in  the  capillary  fragility  (experi¬ 
ments  with  cupping  tests)  and  an  increase  in  permeability. 

The  clinical  expressions  of  the  disturbance  in  the  processes 
of  blood  coagulability,  fragility  and  permeability  of  the 
vessel  wall  in  the  form  of  hemorrhages  fx*om  the  nose,  gums, 
rectum  appeared  later  (S.  M.  Mikhaylovich  and  R.  S.  Krivchen¬ 
kova)  .  With  a  chronic  course  of  the  injury  the  changes  in 
the  blood  coagulating  system  developed  in  particularly  marked 
form  before  death  of  the  animals  (A.  S.  Petrova).  A  dis¬ 
turbance  in  the  activity  of  the  cardiovascular  system  was 
studied  in  the  chronic  experiment  on  fabbi’ts~with_acute  pol¬ 
onium  injury  (0.1  mC/kg  subcutaneously) . 

In  the  early  periods  of  the  injury  considerable  var¬ 
iations  were  noted  in  the  blood  pressure.  At  the  climax  of 
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the  sickness  hypotension  developed  which  progressed;  be¬ 
fore  death  of  the  animals  the  blood  pressure  dropped  to 

40-50  percent  of  the  original  level.  P™a?U?hedclimax  of 
cardiosraphic  changes  were  also  observed  at  the  climax  ot 
radiation  sickness  and  constituted  evidence  of  dystrophic 
changes  in  the  myocardium.  Respiration  gradually  ejlow 
up,  beginning  with  the  first  few  days  of  the  sickness  (B. 

B-  Mor°|:uay  of  tiSPathologloal  picture  In  acute  polonium 
in, Uriel  S?d  1  plr^rtKi^tichoiTS?  any  essential  char¬ 
acteristics  by  comparison  with  acute  radiationoicknss 
caused  by  external  ionizing  radiation  (N.  A.  Kray®valt^ 
v  Erleksova.  G.  A.  Tagunova,  A.  Ye.  Ivanov,  Fink).  we  e 
theless  very  early  changes  In  the  blood  vessels  may  e 
nlted! particularly  in  the  capillaries  which  were  expressed 
in  cloudv  swelling  of  the  endothelium,  separation  oi  th. 

fibers  and  plasmatic  impregnation  of  the  blood /characteris- 
A  greater  congestion  of  the  internal  organs  was  characteris 
i-i f  Tn  the  acute  and  chronic  forms  changes  were  also  noted 
which  were  characteristic  of  radiation  injuries;  however, 
Sdneychanges  nere  typical.  The  Sidneys  were  reduced  in 
size  chiefly  because  of  a  marked  thxnning  out  of 
cal  layer;  they  became  dense;  progressive  atrophic  changes 
Sire Poled  in  the  tubules  and  glomeruli;  eollagenization 
of ~ the  stroma;  the  picture  of  a  distinct  nephroci 

[granular  kidney]  developed;  in  the rSS?JSin°thed|pithIlium 
quantities  of  polonium  were  found,  chiefly  in  the  epitneii  m 
of .the  convoluted  tubules.  On  microscopic  examination  the 

greatest  changes  were  shown  also  in  the  epithelium 

convoluted^aii  *um£er  of  ijnvestigations  h^s  .been  devoted  to 

a  study  of  the  condition  of  the  metabolic. £E2£|i^|g' •  The 
main  ideas  have  been  obtained  only_with_ respect  to_  lg 

turbance.;in  protein  and  carbohydrate  ffle^boiism.  ex_ 

with  acute  polonium  injury  an  ine.’ease  waf  f°^n?h  ^lne  " 
cretion  of  total  nitrogen  and  urea  nitrogen  in  ^crease 
(K  I  Zykova,'  Z.  I.  Poluboyarinova)  as  we^i  as  an  increass 

in’ the  concentration  of  the  nonprotein  nitrogen  n  .  _ 

blood  (V  S.  Balabukha,  T.  L.  Zayets) .  When  there  ~s. a  mar 

ked . reduction  in  food  consumpticr^thenitrogen  excre .ioi^in 

the  urine  is  reduced*  The  total  Quantity  of  protei 

blood  Of  dogs  and  rabbits  l.  S?.S5)C*8« 

has  an  acute  course  (V.  S.  Balabukha,  in  the 

the  same' time,  essential  changes  have  been  nS  Tor* serum  pro- 
fractional  composition  of  the  plasma  proteins  [or  serum  p  _ 

telns)  .m  ^  and  rabbits  a  reduction  has  been  noted  in  the 
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5?nne??Jl0n  of  albumin  and  an  increase  in  the  concentra- 
thP  P",  and  T-globulins.  During  the  course  of 

liS  ratio  f°Und  : increase .  The  albumin-globu- 

iaSvTJo  1  flbered  correspondingly.  In  the  plasma  of 
ofbfih?in^arke?  lr}?rease  is  also  noted  in  the  concentration 
at  th*  beglnndng  with  the  first  day  of  the  sickness 

ab tbe.  same  an  increase  is  noted  in  the  uptake  of  tag- 

fihriSJSS  Cradiomethionine)  in  the  plasma  proteins  -- 
fibrinogen  and  pseuddglobulins  (t.  L.  Zayets) A  marked  re¬ 
ap'd1?;;  thl  f?Und  1?  thS  concentration  of  desoxyribonucleic 
tba  liver  of  rats  injured  by  polonium.  A  distur- 

redSction  of  ?irU°^ral  vi®coslty  of  the  l^er  DNA  and  a 
Tnfh^nSfl  f  th  nitrogen  from  purine  and  pyrimidine  bases. 

In  the  DNA  preparations  isolated  from  the  liver  at  various 

the^rasene^of^1?11  ,slckness  h*  the  radioautographic  method 
the  presence  of  polonium  was  found  (M,  S.  Uspenskaya). 

,  .Th®  concentration  of  the  SH-groups  was  notably  re- 

,  fd  1?4-^he  Proteins  of  the  liver  and  spleen  of  rats  intoxi¬ 
cated  with  polonium.  In  the  proteins  of  the  kidneys  and 

sedCtoSaaiP^pCtH°n  ln  tkS  quantity  of  SH-groups  was  expres- 

chanSd  fi  J  7dfSre?;  “  the  br'ain  Proteins  it  was  un¬ 
changed  (M.  G..  Zotova).  In  the  investigations  of  the  chol¬ 
inesterase  activity  under  conditions  of  acute  inlu^v  Ye  tj 

if  ?Ti;?i0UL\lVTeSEVn, the  ofSf 7nly J- ’ 

in  tne  liver,  spleen,  lungs  during  the  early  period  of  the 

lateffriSd  S  °f  devL^ed  ?n  thf ® 

ase  activifv  rMr!bhe+-di^8aSe*  In  bhe  brain  the  cholinester¬ 
ase  a°tivity  did  not  show  any  tendency  toward  inhibition. 

(A  Ya  qhn?Sf^imentA  ?n  d°gS  ’  P*  Pedot°v)  and  on  rats 
duction  ln  SCrte  P°lonlura  injury  a  marked  re- 

waa  foSnrt  tbfSlycogen  content  in  the  liver  and  muscles 

the  slvcoffPnB^n°?e  death  alraost  a  complete  exhaustion  of 
7fc5wyS  S!5!  c?nte?t-  in  fche  liver  and  muscles  was  found, 
o  e  death  almost  a  complete  exhaustion  of  the  glycogen 

ha  “S  r3cles  »“  found'  &  Mood^gar 

rti  ahL  durinS  a  glucose  tolerance  test  assumed  the  form  of 
diabetic  curves.  An  instability  of  the  glycogen  and  lactic 
acid  concentration  in  the  blood  were  notfd  (A?  ?a?  ShJ?vat- 
In  experiments  on  angiostomised  dogs  considerable 
disturbances  were  found  in  the  sugar-fixing  function  of  the 
Pedotov?dJ?  conditions  of  a  glucose  tolerance  test  (V.  P. 

to  the  data  tha  ,saine  time  a^  which,  according 

curred  Shulyatikova,  a  marked  reduction  oc- 

C).ured  in  tbe  concentration  of  glycogen  In  the  liver  and 
?b?eL.03;gans’  Irt  exPeriments  on  angiostomized  dogs  a  paral¬ 
lel  study  was  made  of  the  barrier  function  of  the  live?  bv 
means  of  radioactive  colloidal  gold.  A  Stable  ?edJction 
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on  the  barrier  function  of  the  liver  was  observed  during 
the  last  few  days  of  acute  radiation  sickness  (V.  P.  Fedo¬ 
tov)  . 

A  high  degree  of  sensitivity  of  the.  liver  to  the  ef¬ 
fect  of  polonium  was  found  in  chronic  radiation  sickness  in 
rats  produced  by  the  repeated  injection  of  2  p.C/kg  of  the 
radioactive  substance.  An  acute  liver  injury  was  noted,  ex¬ 
pressed  in  cirrhotic  and  necrotic  changes,  extensive  proli¬ 
feration  of  the  bile  ducts  and  others  (Anthoni  and  co¬ 
authors)  , 

In  the  literature  there  is  no  information  concerning 
the  "'disturbance  in  lipoid  metabolism  in  polonium  injury. 

The  condition  of  the  mineral  metabolism  has  not  been  clari¬ 
fied  either.  There  are  only  certain  general  data  concerning 
the  state  of  iron  metabolism  (N.  P.  Smirnova),  With  a 
chronic  course  of  radiation  sickness  no  essential  changes 
occur  in  the  concentration  of  the  total  iron  in  the  body  cf 
rats.  An  apparent  increase  in  the  iron  concentration  per 
gram  of  weight  occurs  in  the  spleen,  evidently  because  of 
the  atrophy  of  the  lymphoid  elements..  The  entrance  of  exo¬ 
genous  radioactive  iron  (Fe59)  into  the  spleen,  liver  and 
erythrocytes: is  also  reduced,  which  is  apparently  associ¬ 
ated  with  a  disturbance  in  the  function  of  the  reticulo-endo- 
thelial  system  (disturbance  in  hematopoiesis  has  not  been 
noted  under  these  experimental  conditions).  On  the  other 
hand,  there  are  data  in  existence  to  the  effect  that  the 
function  of  the  reticulo-endothelial  elements  of  the  liver 
and  spleen  is  essentially  unchanged  (Tuttle,  Baxter). 

In  experiments  performed  on  rats  with  acute  radiation 
sickness  periodic  phasic  changes  in  the  respiratory  gas  ex¬ 
change  have  been  found  (N,  P.  Smirnova).  Phases  of  a  marked 
gas  exchange  have  been  found  (N.  P.  Smirnova).  Phases  of 
a.  marked  gas  exchange  disturbance  (+  40-70  percent)  alter¬ 
nate  with  periods  of  recovery,  when  the  metabolic  level  cor¬ 
responds  to  the  original  level. 

One  of  the  most,  vulnerable  organs  after  the  effect 
of  polonium  is  the  kidney  which  is  partly  associated  with 
polonium  excretion.  The  part  played  by  the  kidneys  as 
"critical"  organ  stands  out  most  prominently  in  chronic  in¬ 
jury.  The  maximum  polonium  concentration  in  the  kidneys 
after  a  single  administration  (within  the  range  of  0,25-35. 
pC/kg)  exceeds  the  average  polonium  concentration  in  the 
entire  body  at  the  time  of  administration  by  ten  times  for 
many  days.  Similar  data  have  been  obtained  also  with  res¬ 
pect  to  the  spleen  (Anthoni  and  others;  Kreyberg  and  Devik) . 
However,  no  signs  of  regeneration  were  noted  in  the  kidneys, 
whereas  in  the  spleen  at  certain  periods  regenerative  pro- 
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cesses  were  observed.  These  data  made  it  possible  to  criti¬ 
cize  the  established  concepts  of  radiosensitivity  of  the 
tissues  (Kreyberg,  Devik) .  On  the  other  hand,  Stannard 
doubted  the  principle  of  selection  of  a  critical  organ  in 
injury  by  isotopes  of  the  polonium  type.  According  to  his 
data,  the  relatively  greater  poloniuit  concentration  in  the 
kidneys  and  spleen  when  the  element  is  administered  frac¬ 
tionally  is  not  reflected  in  the  data  of  histopathological 
investigations. 

A  study  of  the  kidney  function  in  the  experiments  on 
dogs  with  exteriorized  ureters  in  acute  injury  showed  a  con¬ 
siderable  reduction  in  diuresis  after  water  and  salt  exces¬ 
ses.  The  chloride  concentration  in  the  urine  also  decreased; 
at  the  climax  of  radiation  sickness  albumin  appeared  in  the 
urine.  The  specific  gravity  of  the  urine  at  the  beginning 
of  the  sickness  increased;  afterwards,  it  gradually  decreased 
and  became  stable  during  the  final  period  of  the  animals5 
lives.  A  reduction  was  found  in  the  effective  renal  blood 
flow  and  a  marked  reduction  in  the  secretory  activity  of  the 
tubules  (Z.  I.  Poluboyarinova) .  The  author  believes  that 
changes  in  the  functional  activity  of  the  kidneys  are  prod¬ 
uced  first  by  a  reduction  in  the  renal  blood  flow  of  the 
tubular  segment  of  ■  the  nephron  and  a  disturbance  in  the  re- 
sorptive  and  secretory  functions  of  the  tubules  and  then 
also  of  glomerular-filtration. 

In  acute  polonium  injury  considerable  changes  occur 
in  the  central  nervops  system.  Disturbances  in  the  func¬ 
tional  activity  of  the  nervous  system  are  expressed  very 
demonstratively  in  tile  clinical  picture.  Signs  of  a  cer¬ 
tain  excitation  can  }ae  found  directly  after  the  administra¬ 
tion  of  the  radioactive  substance.  A  depressive  condition 
and  an  indifference  to  the  surroundings  are  observed  in  ani¬ 
mals  at  the  climax  of  radiation  sickness,  particularly  be¬ 
fore  death.  Changes  have  been  described  in  the  functions 
of  the  auditory  and  visual  analyzers  in  dogs  (I.  A.  Figalev) . 
Ulcers  on  the  skin  and  mucus  membranes,  epilation,  etc., 
undoubtedly  can  be  attributed  to  neurotrophic  disturbances. 

Study  of  the  functional  condition  of  the  central  ner¬ 
vous  system  of  animals  in  acute  injury  showed  a  marked  in¬ 
crease  in  the  electrical  waves,  an  increase  in  reactivity 
and  excitability  of  the  visual  analyzer  in  response  to  light 
stimulation  30-50  minutes  after  the  administration  of  polon¬ 
ium  (0.2  mC/kg  subcutaneously).  At  the  same  time,  the  con¬ 
ditioned-reflex  activity  is  essentially  unchanged  (Z.  A. 
Yanson).  In  experiments  on  white  rats  it  has  been  estab¬ 
lished  that  as  early  as  15-20  minutes  after  the  administra¬ 
tion  of  0.1  mC/kg  of  polonium  subcutaneously  a  weakening  of 
the  basic  cortical  processes  --  excitation  and  inhibition 
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--  ooeurs  with  a  relative  preservation  of  the  complex  uncon¬ 
ditioned  reflexes  (A.  G.  Izergina) . 

mi.  ,0.  Beginning  with  the  second  or  third  day  after  the  ad¬ 
ministration  of  polonium  an  instability  was  observed  in  the 
functional,  condition  of  the  central  nervous  svstem,  The 

°f>  the  cerebral  cortex.,  reactivity  and 
0f  ?5Vlsual  analyser  at  times  would  increase 
tlme?  would  decrease;  the  magnitude  of  the- motor  re- 
was  inconstant.  The  conditioned  reflexes  became  un^- 

ditiinirt  ?^Jlme5/ere  omitted'  and  inhibition  of  the  uneon- 
ditioned  food  reflex  was  noted.  Afterwards,  signs  of  pro¬ 
found  cortical  inhibition  and  inhibition  of  the  subcortical 

IxcitabilitvnaSaSed’-MT?f  ®lectrlcal  activity  lessened,  the 
y  and  reactivity  in  response  to  external  stimuli 

Affafnti-  erA  a,nd  the  c°nditioned'  reflexes  disappeared. 
Against  this  background  periods  were  found  in  the  rats  of 

complete  recovery  of  cortical  Activity.  By 
means  of  functional  tests  (injection  of  caffeine,  adrenalin 
sodium  bromide)  disturbances  were  found  also  in  the  central* 
nervous  system  during  these  periods.  central 

no«2  acute  polonium  injury  the  metabolic  processes  of 

tht  T™lLtilQne*mealatora  are  al^8d*  A  disturbance  in 
shovmy?nhtho  K  nf  ratf  °f  de 8 t ruction  of  acetylcholine  was 
i*1  the  brains  of  white  rats  by  Ye0  N.  Petrovnina  ^he 
cholinesterase  and  cholinacetylase  activity  changed  inVar- 
allel  during  the  initial  period  of  the  sickness  (phase  of 
increase  followed  by  reduced  activity) .  Subsequently,  in 

J?®  5faaence  °f,a  reduced  cholinacetylase  activity  the  cho- 
linesterese  activity  was  increased,  or  the  reverse  relation- 

centra tion  ?^Ve*-  *  ^duoticn  in  the  SeetyloholSe  o“n- 

Bieknes8°n  Afte™»Sa«  "  °?cuJred  ln  the  early  periods  of  the 

create  in  t  tenden°y  wa8  noted  toward  an  in¬ 

crease  in  the  acetylcholine  concentration. 

Morphological  changes  in  central  and  peripheral  ner- 

Zrl  7417s  Mer?  Studied  in  dogs  In  subacute  polSnl.  ln- 

V  V  Pwtu^alov1  reSiiOfi»0-0S'0-05  m0/kg  <K-  A-  Krayevskly, 

.  r°rtugaiov,  K.  U.  Morozova,  B.  I.  Lebedev}  fhane-Acj 

in  the  nerve  cells  were  found  in  ali  centers  of  the  b?ain 
(ch.omatolysis  or  intensely  stained  cells);  however,  the  nu- 

ganglla  and  cSKhr°?Sal  ?nd  vagus  nerves,  the  thalamus,  basal 
gangiia  and  cerebral  cortex  are  areas  which  are  most  ini 

In  the  neurons  of  the  intervertebral  ganglia  and  plrt^c^^v* 

the  sympathetic  ganglia  widespread  changes  are  found  i*n 

form  of  chromatolysis.  By  the  hlstoautoradfoIrfpWc  method 

deg^rsInXt??!1??1^  SB  these  “  high 

radiation  ™w*ty  f  the  embry°nic.  nerve  tissue  to- a- 
radiation  of  polonium  was  established  in  experiments  with 
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the  study  of  the  mitotic  activity  of  the  neuroblasts  of 
grasshopper  embryos  (Rogers) .  A  suppression  of  mitotic 
activity  was  found  to  be  greatest  for  the  effect  of  polonr 
ium,  followed  by  X-rays  and  ^-radiation  under  the  same  ex¬ 
perimental  condition. 

In  acute  and  subacute  radiation  sickness  caused  by 
polonium  the  resistance  of  the  body  to  infection  is  reduced 
(I.  A.  PigalevJ.”  In  mice  injured  by  polonium  which  were 
then  injected  with  a  pathogenic  pneumococcus,  pneumococcal 
sepsis  developed  more  quickly.  In  the  organs  of  irradiated 
mice  a  larger  number  of  microbes  were  found  than  in  control 
mice  (B.  B.  Moroz).  After  the  combined  effect  of  polonium 
(0.1  mC/kg  subcutaneously)  and  tetanus  toxin  certain  char¬ 
acteristics  of  the  course  of  radiation  sickness  and  tetanus 
intoxication  were  found  (B.  B.  Moroz) .  The  injection  of 
tetanus  toxin  in  non-lethal  doses  into  rats  at  various  per-- 
iods  of  the  tetanus  culture  in  addition  to  the  administra¬ 
tion  of  polonium  led  to  an  increase  in  the  pathological  pro¬ 
cess  in  the  majority  of  experiments  and  to  the  earlier 
death  of  the  animals.  At  the  same  time,  local  signs  of  tet¬ 
anus  were  usually  less  pronounced.  With  the  simultaneous 
injection  of  polonium  and  tetanus  toxin  in  a  lethal  dose  an 
inhibition  of  the  development  of  the  signs  of  tetanus  was 
usually  observed  along  with  an  aggravation  of  the  radiation 
process.  Under  conditions  of  such  a  combined  effect  the 
rats  died  earlier  than  animals  affected  by  polonium  alone 
and  later  than  normal  rats  which  had  been  given  tetanus 
toxin.  Signs  of  general  tetanus  developed  later  and  not  in 
all  the  animals. 

Changes  in  acquired  immunity  in  animals  injured  by 
polonium  have  been  studied  in  experiments  with  immunization 
with  tetanus  and  diphtheria  toxoid  and  typhoid  vaccine  (I. 

A.  Pigalev,  B.  B.  Moroz,  V.  V.  Vasil 'yevskaya) .  It  has  been 
established  that  phe  injection  of  polonium  into  animals  which 
have  a  strongly  developed  immunity  does  not  lead  to  any  es¬ 
sential  changes  in  the  titer  of  the  irradiated  animals  com¬ 
pared  with  the  controls. 

A  disturbance  in  the  process  of  immunogenesis  was 
shown  distinctly  in  experiments  with  immunization  and  par¬ 
ticularly  reimmunization  of  animals  j.njured  by  polonium. 

Re immunization  at  the  climax  of  radiation  sickness  led  only 
to  a  slight  increase  in  the  antibody  titer  the  level  of 
which  was  several  times  lower  than  in  the  control  rabbits, 

A  disturbance  was  also  found  in  the  phagocytic  function  of 
the  reticulo-endothelial  system,  A  marked  reduction  in  the 
uptake  of  dye  (trypan  blue)  by  the  liver  reticulo-endothel¬ 
ial  cells  was  observed  at  the  climax  of  radiation  sickness 
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(A,  I.  Chuchukalo) . 

The  immjnological  reactivity  of  tissues  of  animals 
injured  by  polonium  is  also  unchanged  (V.  V.  Vasil {yevskaya) 
The  areactivity  of  an  isolated  loop  of  small  intestine  ex¬ 
isting  in  immuned  guinea  pigs  with  respect  to  diphtheria 
toxin  is  replaced  by  a  pronounced' reaction  to  the  toxin. 

It  was  found  that  immunization  with  tetanus  and  diphtheria 
toxoids  and  with  tetravaccine  both  before  and  directly  after 
the  administration  of  polonium  exerts  a  favorable  effect  on 
the  course  of  radiation  sickness.  In  the;. immune  animals  a 
slower  decrease  in  weight  was  observed;  the  leukopenia  was 
manifested  only  slightly;  and  the  animals  died  at  later 
periods  of  time  : than  the  non-immune  animals  (V.  V.  Vasil* - 
yevskaya.,  N.  N,  Klemparskaya,  0.  R.  Nemirovich-Danchenko 
and  others) .  ' 

Therefore,  in  an. organism  affected  by  polonium  dis¬ 
turbances  are  noted  of  the  important  mechanisms  of  natural 
immunity,  of  the  .processes  of  immUnogene sis;  the  sensitivity 
of  cells  to  microbial  toxins  is  altered;  characteristics  are 
observed  in  the  course  of  infectious  processes,  etc.  At  : 
the  present  time, "there  is  no  basis  for  .speaking  of  any 
kind  of  characteristic  features  in  the  changes  of  immunity 
in  radiation  sickness  caused  by  polonium.  Mention  should 
be  made  of  this,  because  it  is  well  known  that  polonium  ac¬ 
cumulates  chiefly  ir*  the  reticulo-endothelial  system,  and 
direct  injury  of  the  latter  may  be  very  considerable-* 

In  connection  with  what  has  been  stated  it  is  ob¬ 
vious  that  reactivity  in  animals  affected  by  polonium  should 
be  altered,"  However,  this  problem  has  been  very  little 
studied*  The  significance  of  the  original  condition  of  the 
body  and  primarily  of  the  condition  of  the  center  and  vege¬ 
tative  nervous  systems  have  practically  not  been  investiga¬ 
ted.  We  can  note  only  that  the  administration  of  polonium 
into  rabbits  (0.07  mp/kg  subcutaneously)  at  the  height  of 
anesthetic  sleep  leads  to  development  of  a  more  serious 
disease  picture  (B.  B.  Moroz). 

Changes  in  the  reactivity  of  the  irradiated  organism 
and  in  its  various  systems  are  shown  through  the  use  of  a 
method  of  functional  stresses.  Study  of  the  reactivity  of 
the  cardiovascular  system  to  certain  pharmacological  agents 
has  made  it  possible  to  show  changes  in  the  conduction  and 
excitability  of  the  myocardium  (according  to  electrocardio¬ 
graphic  data)  and  in  the  blood  pressure  reaction,  in  the 
development  of  which  two  periods  may  be  distinguished  (B. 

3.  Moroz  and  S.  P.  Grozdov).  The  first  period  began  im¬ 
mediately  after  the  administration  of  polonium,  ended  at  the 
climax  of  radiation  sickness,  and  was  characterized  by  an 
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increased  sensitivity  of  the  heart  to  adrenalin  and  doryl, 
considerable  variations  in  the  magnitude  of  the  pressor  af¬ 
fect  of  adrenalin*  In  the  second  period  a  reduction  is  ob¬ 
served  in  the  sensitivity  of  the  heart  to  pharmacological 
agents,  a  regular  reduction  in  the  magnitude  of  the  pressor 
affect  of  adrenalin,  a  decrease  and  inversion  of  the  depres¬ 
sor  reaction  to  nitroglycerin.  While  the  disturbances  in 
the  first  period  are  apparently  associated  with  signs  of 
instability  of  the  vegetative  innervation,  in  the  late  per¬ 
iod  injury  of  the  dahdiac  muscle  probably  occurs  along  with 
a  decrease  in  the  extracardiac  reflexes.  In  rats  injured 
by  polonium  a  weakening  or  inversion  of  the  reaction  of  the 
ear  blood  vessels  to  acetylcholine  is  found  (V.  V.  Vasil *- 
yevskaya) , 

An  increase  in  the  sensitivity  to  adrenalin  on  the 
part  of  rats  injured  by  polonium  has  been  noted  by  A*  G. 
Izergina  on  the  basis  of  a  study  of  higher  nervous  activity, 
The  administration  of  adrenalin  in  a  dose  of  0*001  milli¬ 
grams  per  kilogram  did  not  cause  any  changes  in  the  magni¬ 
tude  of  the  positive  conditioned  reflexes  in  healthy  rats. 

In  animals  injured  by  polonium  an  inhibition  of  conditioned 
reflexes  was  observed  thereby.  A  more  intense  excretion  of 
sugar  by  the  liver  as  a  response  to  the  administration  of 
adrenalin  was  shown  by  V.  P.  Fedotov.  Under  these  experi¬ 
mental  conditions  study  of  the  sugar  curves  following  the 
administration  of  insuliii  made  it  possible  to  establish  the 
presence  of  a  more  pronotinced  and  more  prolonged  phase  of 
hyperglycemia  at  the  climax  of  radiation  sickness,  in  con¬ 
nection  with  which  the  hypoglycemic  state  occurred  later 
than  in  healthy  dogs.  Sensitivity  of  irradiated  animals 
proved  to  be  increased  also  to  caffeine  and  sodium  bromide 
(A.  G.  Izergina). 

Study  of  the  reactivity  of  polonium-injured  rabbits 
to  pyrogenal  showed  changes  in  the  functional  condition  of 
the  heat-regulating  centers  in  the  course  of  radiation  sick¬ 
ness  (B.  B.  Moroz) ,  During  the  first  few  hours  after  the 
administration  of  polonium  a  higher  temperature  reaction  was 
noted  in  the  majority  of  animals  than  normal.  Afterwards, 
an  instability  of  this  reaction  was  observed.  In  the  final 
period  of  radiation  sickness  a  considerable  weakening  of 
the  temperature  reaction  was  noted;  in  individual  animals 
pardoxical  reactions  occurred;  a  reduction  of  temperature 
in  response  to  the  injection  of  pyrogenal*  It  was  also  noted 
that  the  gas  exchange  reaction  to  a  cold  stress  in  animals 
injured  by  polonium  (0.1  mC/kg  subcutaneously)  is  incon¬ 
stant  and  may  vary  from  zero  to  excessive  (N.  P.  Smirnova). 
The  tissue  reactivity  is  also  changed.  Changes  have  been 
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described  in  the  contractile  power  of  the  small  intestine 
of  white  mice  and  guinea  pigs  in  response  to  histamine  and 
acethycholine  (Z.  I.  Poluboyarinova) .  “ 

In  summarizing  the  data  presented  it  .should  be  no¬ 
ted  that  many  aspects  of  the  biological  effect  of  polonium 
remain  inadequately  studied.  Among  them,  first  of  all,  is 
the  problem  of  the  tolerance  doses  of  polonium  as  well  as 
the  effect  of  small  doses  (chronic  radiation  sickness,  late 
consequences') ,  Experimental  acute  polonium  injury  has  been 
relatively  well  studied,  v;  \  1 

It  should  be  noted  that  no  essential  characteristic 
features  of  acute  polonium  injury  have  been  made  out  by. com¬ 
parison  with  acute  radiation  sickness  following  external  ir¬ 
radiation,  The  low  degree  of  expression  of  the  early  re¬ 
action  to  the  injection  of  polonium  is  brought  about  by  the 
lesser  intensity  of  the  radiation  effect.  The  nature  of  dis¬ 
tribution  of  the  radioactive  substance,  retention  of  it  in 
the  body  for  a  long  time,,  the  continuous  nature  of  the  in¬ 
ternal  irradiation,  and  the  ionization  density  can  apparently 
be  more  distinctly  expressed  in  the  chronic  course  of  radi¬ 
ation  sickness  caused  by  polonium.  Despite  certain  charac¬ 
teristics  in  the  ionization  process  and  in  the  excitation 
of  molecules  after  a-radiation,  the  primary  physico-chemical 
processes  are  probably  the  same  after  the  effect  of  differ¬ 
ent  types  of  ionizing  radiation.  In  this  connection  we  may 
refer  to  the  data  of  B.  N„  Tarusov  and  L.  L.  Khamayde  who 
showed  the  presence  of  hemolytically  active  substances  in 
the  tissue  of  animals  which  occur  as  the  result  of  chain  oxi¬ 
dation  reactions  inlipids  both  after  external  and  internal 
irradiation. 

Phasic  disturbances  in  the  functional  activity  of 
various  systems  as  well  as  changes  in  the  reactivity  of  the 
body  with  respect  to  adequate  and  inadequate  stimuli  are 
characteristic  of  acute  polonium  injury.  Two  principal  per¬ 
iods  may  be  distinguished  —  the  period  of  instability  of 
the  functional  condition  and  the  period  of  depression  of  the 
activity  of  the  body.  Functional  changes  In  the  central 
nervous  System  are  comparable  in  time  and  apparently,  to  a 
considerable  degree,  produce  changes  in  the  other  systems. 
Hereby,  the  direct  effect  of  a-radiation  of  polonium  on  the 
tissues  is  of  more  than  a  little  importance  in  the  develop¬ 
ment  of  pathological  process.  During  the  period  of  the  un¬ 
stable  state  of  the  central  nervous  system  considerable  var¬ 
iations  are  observed  in  the  blood  pressure  level,  the  magni¬ 
tudes  of  the  pressor  effect  in  response  to  adrenalin,  the 
respiratory  gas  exchange,  etc.  In  the  terminal  period  of 
radiation  sickness  the  development  of  hypotension  and  a  re- 
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duction  in  the  oxidative  processes  are  observed  along  with 
a  depression  of  the  central  nervous  system. 

Analysis  and  the  comparison  of  the  experimental  ma¬ 
terial  make  it  possible  to  suppose  that  an  important  part 
in  the  disorders  described  is  played  by  disturbances  in  the 
neuro-endocrine  regulatory  mechanisms.  Unfortunately,  the 
participation  of  the  endocrine  system  has  been  little  stu¬ 
died  (R.  A.  PigaleV'j,  A.  I.  Chuchukalo,  V.  M.  Mastryukova, 
Leblond  and  Lacassagne) .  A  change  in  the  reactivity  of  the 
circulatory  apparatus,  the  heat  regulatory  system,  a  dis¬ 
turbance  in  the  regulation  of  carbohydrate  metabolism,  etc. 
are  evidence  of  a  disturbance  in  the  regulatory  mechanisms. 
It  should  be  emphasized  that  it  is  possible  to  find  a  limi¬ 
tation  of  the  adaptive  possibilities  of  the  irradiated  organ 
isms  specifically  in  the  study  of  the  reactivity  to  various 
factors. 
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The  Effect  of  Total-Body  X-Irradlation  on  the  Excretion  of 
Substances  Determinable  by  the  Pi ache  Reaction~ln  the 

Urine  “ 

(A  Preliminary  Report) 

N.  A.  Fedorov 

From  the  Chair  of  Radiation  Hygiene  (Head  --  Professor  F.  G. 
Krotkov,  active  member  of  the  Medical  Science  USSR)  of  the 
Central  Institute  for  the  Advancement  of  Physicians  of  the 

Ministry  of  Health  USSR 

In  1958  the  work  of  a  group  of  Czechoslovakian  inves¬ 
tigators  (Parizek  and  others)  was  published  in  which  it  was 
shown  that  under  the  influence  of  total-body  X-irradiation 
of  white  rats  an  increased  excretion  of  substances  determin¬ 
able  by  the  Dische  reaction  in  the  Stumpf  modification  is 
observed  in  the  urine  during  the  first  24  hours a  By  means 
of  paper  chromatography  it  was  possible  to  establish  the 
fact  that  the  urine  of  irradiated  rats  contains  desoxycyti- 
dine  (conversion  product  of  DNA) ,  whereas  in  the  urine  of 
control  rats  this  substance  was  not  found.  The  greatest 
intensity  of  the  stain  in  the  Dische  reaction  with  whole 
filtered  urine  and  the  greatest  concentration  of  desoxycyti- 
dine  in  the  urine  were  found  with  higher  doses  of  radiation. 
In  connection  with  this,  desoxycytidine  in  the  urine  is  re¬ 
garded  by  the  authors  as  an  indicator  of  the  changes  follow¬ 
ing  irradiation. 

In  the  present  report  data  are  being  presented  con¬ 
cerning  preliminary  investigation  of  the  excretion  of  the 
substances  determinable  by  the  Dische  reaction  in  the  ur¬ 
ine  and  by  concentrated  sulphuric  acid.  In  all,  four  series 
of  experiments  were  performed.  In  each  series  there  were 
six  sexually  mature  male  white  rats  weighing  about  200  grams, 
two  of  which  were  irradiated  with  a  dose  of  600  r;  two,  in 
a  dose  of  200  r,  and  two  rats  served  as  controls.  The  con¬ 
ditions  of  the  irradiation  were  the  following:  an  RUM-11  ap¬ 
paratus,  voltage  of  180  kv,  current  15  ma,  filter  0.5  mm  Cu 
and  one  mm  Alj  distance  40  centimeters;  dose  rate  32-25  r/ 
min.  Immediately  after  the  irradiation  the  rats  were  put 
into  three  glass  cages  for  the  purpose  of  separate  collec¬ 
tion  of  the  urine  and  stool  for  24  hours  during  which  time 
the  animals  were  given  only  water.  After  24  hours  the  col¬ 
lected  urine  was  filtered  through  a  paper  filter,  and  the 
volume  of  it  was  measured.  As  a  rule,  in  animals  irradiated 
with  a  dose  of  $00  r  the  volume  of  urine  was  greater  (on  the 
average,  37.4  cubic  centimeters)  than  in  the  animals  irradi- 
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‘ated  with  a  do 8®  of  200  r  (on  the  average,  24 „1 cubic  cen~  ' 
time ter o)  and  of  the  controls  (on  the  average f  1 1  cuoac 
centimeters) *  although  the-  weight  oi  the  rats  any.  tn«  quan¬ 
tity  of  water  consumed  were  the  same ,  _ 

•  For  the  purpose  of  cor  par  icon  all_  portions  ol.  the 
urine  were  brought  up  to  the  volume  of  the  id&xIsrjjb  portion 
of  urine  with  water*  and  the  Dlsche  reaction  was  performed 
in  the  Sturapf  modification.  Five -hundredths  of  a  cubrc  cen- 
time ter  of  five  percent  freshly-prepared  solution  of  cys- 
’ teinc' -  hydrochloride *  0.5  cubic  centimeter  of  urine  ano  five 
cubic  centimeters  of  75  percent  (by  volume)  sulfuric  acid 
were  poured  into  separate  test  tubes; _  these  solutions  weie 
mixed  with  a  glass  rod*  and  after  50-60  minutes  the  absorp¬ 
tion  of  light  at  a  wave  length  of  h()0  milXlmu  was  measured 
using  a  Czechoslovakian  K-5o  spectrophotometer- .  Simultan¬ 
eously,  the  reaction  was  performed  with  only  Y5  percent; 
sulfuric  acid  without  the  addition  of  cysteine.  In  addi¬ 
tion*  the  Dische  reaction  was  performed  also  with  urine 
treatment  with  activated  charcoal.  In  Dlsche  1  s  opinion* 
substances  which  contain  desozyribose 
ation  with  sulfuric  acid,  with  s 
sdllimu  onXy  in  the  presence  oi 
determining  the  optic  density 

stelne  and  wifchou. 


give  a  pink  color 


v 

by 


of  the 


maxii?^xu  absorption  at 
cysteine .  Therefore  * 

stain  obtained  by  the 

addition  of  cysteine  and  without  the  addition  of  it  to  e 
mixture  of  urine  and  75  percent  sulfuric  acid  is  my  be 
judged  to  what  degree  the  pink  coloration  formed  is  hrougnt 
about  by  substances  containing  desoxyribose*'  The  spectro- 
photonetrlc  data  are  presented  in  the  Table. 


Spectrophotometrlc  Results  (Optic  Density  at 
Each  Point  Applies  to  Two  Rats) 
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In  all  four  series  it  was  found  that  irradiation 


leads  to  an  increased  excretion  of  substances  producing  a 
pink  color  in  the  Dische  reaction  and  in  the  reaction  with 
concentrated  sulfuric  acid,  whereby  with  a  dose  of  600  r 
the  concentration  of  these  substances  is  notably  greater 
than  after  a  dose  of  200  r.  A  comparison  of  the  data  ob¬ 
tained  shows  that  the  absorption  of  light  with  a  wave-length 
of  490  millimu  after  the  addition  cf  cysteine  is  greater 
than  without  the  addition  of  it*  but  even  without  the  ad¬ 
dition  of ^cysteine  the  absorption  in  the  experiment  is  con¬ 
siderably  greater  than  in  the  control.  Evidently,  the  total 
body  irradiation  of  rats  increases  the  excretion  not  only 
of  substances  containing  desoxyribose  in  the  urine  during 
the  first  24  hours  but  also  of  some  other  substances  which 
do  not  contain  desoxyribose.  However,  the  dosage  relation¬ 
ship  is  maintained  in  this  case  also.  Treatment  with  acti¬ 
vated  charcoal  reduces  the  degree  of  light  absorption  but 
does  not  eliminate  the  differences  between  the  experiment 
and  the  control. 

The  data  of  our  preliminary  experiments  confirm  the 
results  obtained  by  the  Czechoslovakian  investigators.  At 
the  same  time,  they  indicate  that  after  irradiation  an  in¬ 
creased  excretion  occurs  not  only  of  substances  containing 
desoxyribose  but  also  of  some  other  substances  producing  a 
pink  color  with  75  percent  sulfuric  acid. 
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Disturbance  and  Recovery  of  the  Secretory  Function  of  the 

Gast ro -Intestinal  Tract  ” 

M.  F.  Nesterin 

From  the  Radiobiological  Laboratory  (Head  —  G.  P.  Yeremin) 
of  the  Institute  of  Nutrition  of  the  Academy  of  Medical 

Sciences  USSR 

In  the  literature  there  are  indications  of  a  change 
in  the  secretory  function  of  the  digestive  tract  after 
radiation  injuries  (S.  R,  Perepelkin>  M.  F.  Nesterin,  Yu, 

N.  Uspenskiy,  K.  V.  Smirnov);  however,  it  is  not  possible 
to  find  any  data  on  the  comparison  of  the  disturbance  in 
the  secretory  function  of  various  divisions  of  the  gastro¬ 
intestinal  tract  and  the  course  of  its  recovery.  Neverthe¬ 
less,  the  elucidation  of  this  problem  is  essential  for  de¬ 
veloping  methods  of  treating  injuries  of  the  digestive  tract 
and,  particularly,  dietary  therapy. 

Experiments  were  performed  on  six  dogs  with  isolated 
gastric  pouches  according  to  the  method  of  Pavlov,  with  seg¬ 
ments  of  the  duodenum  Isolated  according  to  the  Thiry  method 
and  with  isolated  middle  sections  of  the  small  intestine. 

The  gastric  juice  was  obtained  in  response  to  food  stimuli 
for  five  hours.  In  the  gastric  juice  the  concentration  of 
free  and  total  acidity  and  the  pepsin  concentration  (accor¬ 
ding  to  the  Gross  method)  were  determined.  The  intestinal 
juice  was  collected  with  a  regular  secretion  for  five  hours; 
the  intestinal  enzymes  were  determined  by  quantitative 
methods  accepted  in  the  Institute  of  Nutrition  of  the  Acad¬ 
emy  of  Medical  Sciences  USSR.  The  concentration  of  enzymes 
was  expressed  in  arbitrary  units  and  applied  to  one  gram  of 
weight  of  the  "mucous  clumps"  of  the  juice. 

In  dogs  the  initial  level  of  secretion  was  estab¬ 
lished,  after  which  they  were  exposed  to  a  total-body  single 
iri’adiation  in  a  dose  of  400  r  under  the  following  condi¬ 
tion:  voltage  180  kv,  current  20  ma,  filter  0.5  mm  Cu  and 
one  mm  Al;  distance  SO  centimeters;  dose  rate  15.4  r/min. 

Ten  to  twelve  days  after  irradiation  a  clinically 
expressed  picture  of  radiation  sickness  developed  in  the 
dogs,  which  was  characterised  by  sluggishness,  loss  of  ap¬ 
petite,  vomiting,  diarrhea,  loss  of  body  weight,  leukopenia. 
During  theperiod  of  two  to  two  and  one-half  months  this  con¬ 
dition  alternated  with  periods  of  improvement,  after  which 
a  clinical  recovery  occurred. 

Change  in  the  gastric  excretion  was  expressed  in  the 
following.  The  latent  period  during  the  first  three  weeks 


?af  ter  irradiation  was  lengthened;  following  Irradiation  oiH 
the  dogs  the  quantity  of  the  gastric  juice  increased  in  the 
majority  (after  the  administration  of  meat);  in  individual 
animals  the  Increase  in  secretion  alternated  with  a  de¬ 
crease  in  it.  After  irradiation  secretion  of  gastric  juice 

during  the  neural  (first  hour) 
and  neuro-chemical  ( second- 
fifth  hour)  phases  was  modi¬ 
fied,  which  was  expressed  in 
an  increase  or  decrease  in  j~ 
the  absolute,  quantity  of 
juice;  however.  In  either 
case  a  predominance  '-was  found 
of  the  neuro-chemical  phase 
of  secretion  over  the  reflex 
.phase;  this  was  expressed  in 
ah  increase  in  the  relative 
quantity  of  juice  during  the 
second  phase  compared  with  the 
fir  at.  With  an  increase  in  .. 
the  excretion  of  the  quantity 
of  juice  its  acidity  also  in¬ 
creased.  The  concentration 
of  pepsin  during  the  first 
few  days  after  irradiation,  in¬ 
creased,  some what  regardless 
of  the  quantity  of  juice  ex¬ 
creted.  A  typical  example  is  „ 
presented  in  the  Figure. 

In  the  study  of  the  in¬ 
testinal  secretion  it  was  no¬ 


Secretion  of  Gastric 
Juice  Before  (a)  and 
After  (b,c)  Irradiation, 
The  Figures  show  the  re¬ 
lationship  of  the  quanti¬ 
ty  of  juice  Psl  phase  and 
the  content  of  free  and 
total  acidity. 


ted  that  after  irradiation  the  periodic  character  of  the 
intestinal  secretion  was  disturbed,  and  from  time  to  time 
the  secretion  became  continuous.  .  In  the  juice  secreted  be¬ 
ginning  with  the  12th-l6th  day  an  admixture  of  blood  ap¬ 
peared  periodically.  The  quantity  of  juice  beginning  with 

‘  the  second  week  increased  by  several  times  compared  with  . 
the  original  level,  being  replaced  in  the  remote  periods 
by  a  normal  secretion.  As  early  as  the  first  few  days  af¬ 
ter  irradiation  the  concentration  of  certain  enzymes  in  the 
Intestinal  juice  ( anteroklnase ,  phosphatase)  was  disturbed 
considerably  in  the  intestinal  juice .  The  secretion  of 
these  enzymes  decreased  for  the  most  part,  although  on  in¬ 
dividual  days  a  considerable  Increase  was  noted  in  the  con¬ 
centration  compared  with  the  original  level.  A  change  in 
the  intestinal  secretion,  which  was  of  a  wave -fora  charac¬ 
ter,  lasted  for  several  months;  it  occurred  in  segments  of 
both  the  duodenum  and  of  the  iejunum. 

L  Since  certain  authors  (Warren,  Whipple)  on  the  _J 
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basis  of  their  morphological  data  expressed  the  point  of 
view  that  the  intestine  is  more  sensitive  than  the  stomach 
to  X-irradiation,  it  seemed  interesting  to  compare  the  de¬ 
gree  of  change  in  the  secretory  function  of  the  stomach  and 
of  the  intestine  and  the  time  needed  for  its  return  to  nor¬ 
mal.  In  our  experiment  this  was  confirmed  by  the  fact  that 
changes  in  the  intestinal  secretion  were  more  pronounced 
than  those  of  the  gastric  secretion:  after  irradiation  an 
admixture  of  blood  appeared  in  the  intestinal  juice  and 
was  absent  in  the  gastric  juice;  the  concentration  of  en¬ 
zymes  (enterokinase,  phosphatase)  in  various  periods  de¬ 
creased  considerably  in  the  intestinal  juice,  whereas  se¬ 
cretion  of  pepsin  was  practically  unchanged  (with  the  excep¬ 
tion  of  a  certain  increase  during  the  first  few  days  after 
irradiation).  For  the  purpose  of  recovery  of  the  secretory 
function  of  various  sections  of  the  gastro-intestinal  tract 
different  periods  of  time  were  required  --  first  the  secre¬ 
tion  in  the  stomach  returned  to  normal,  and  then  that  in 
the  duodenum,  and  finally,  that  in  the  middle  portion  of 
the  small  intestine. 

I.  P.  Pavlov,  analyzing  the  work  of  the  digestive 
glands,  pointed  out  that  "the  more  distal  a  digestive  gland 
lies  in  the  gastro-intestinal  tract  the  less  the  participa¬ 
tion  of  the  neural  apparatus  in  its  activity...".  There¬ 
fore,  it  may  be  considered  that  in  our  experiments  the  time 
for  recovery  of  the  disturbed  secretory  activity  of  various 
sections  of  the  gastro-intestinal  tract  increased  with  a 
lessening  of  the  connection  of  the  given  segment  with  the 
central  nervous  system. 
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The  Effect  of  Ascorbic  Acid  on  the  Carbohydrate  Funct ion 
o?  the~Liver~and  the~Survi  v¥I~Rate  ~of  Animals'" 

Acute  Radiation  Sickness  ”? 

'  V.  S.  Yusipov  | 

The  aim  of  the  -present  work  "'was  a  study  of  the  influ¬ 
ence  of  ascorbic  acid  on  the  carbohydrate  function  of  the 
liver  and  the  survival  rate  of  animals  depending  on  the 
time  of  its  administration.  < 

In  experiments  on  88  rabbits  after  a  total-body  ir¬ 
radiation  with  a  dose  of  500  r  the  effect  of  ascorbic  acid 
Was  investigated  on  the  sugar  and  lactic  acid  concentration 
in  the  blood,  the  nature  of  the  sugar  curves,  using  a  test- 
With  galactose.  In  the  control  group  of  experiments  on  32 
animals  (after  irradiation  without  the  administration  of 
vitamin  C)  it  was  established  that  the  changes  in  the  indices 
of  carbohydrate  metabolism  in  acute  radiation  sickness  are 
of  a  phasic  nature?  the  most  marked  changes  are  observed 
during  the  first  few  hours  after  irradiation;  the  changes 
are  practically  absent  in  the  latent  period,  and  recur  dur¬ 
ing  the  period  of  the  climax 0  '-/V 

The  administration. of  ascorbic  acid  before  irradi-' 
ation  (in  experiments  on  25  rabbits)  exerted  an  unfavorable 
effect,  A  greater  increase  in  the  concentration  of  lactic 
acid  in  the  blood  and'  an  inversion  of  the  shape  of  the  su¬ 
gar  curves  was  observed  hereby  which  was  greatex’  than  in 
the  control.  In  the  'experimental  group,  during  the  first 
two  weeks  after  the  irradiation,  seven  out  of  25  animals 
died,  whereas  in  the  control  group  only  three  rabbits  out 
of  32  animals  died.  The  same  harmful  influence  was  exerted 
by  vitamin  C  when  it  was  administered  immediately  (one  min¬ 
ute)  after  irradiation  (in  experiments  on  12  rabbits).  ■ 

In  the  next  series  of  experiments  {on  19  rabbits) 
ascorbic  acid  was  administered  20  hours  or  later  after  the 
irx’adiation.  Thereby,  a  distinct  favorable  influence  of 
it  was  observed:  the  concentration  of  lactic  acid  in  the 
blood  (when  investigated  during  the  period  of  the  climax 
of  the  sickness)  became  normal;  the  sugar  curves  assumed  a 
shape  similar  to  the  original;  and  no  deaths  of -animals 
wei^e  noted  during  the  first  two  weeks  after  the  irradi¬ 
ation. 

In  experiments  on  70  white  rats  the  effect  of  vitamin 
C  was  studied  on  the  concentration  of  glycogen  in  the  liver. 
The  concentration  of  glycogen  was  determined  by  the  Feulgen- 
Shabadash  method  and  by  the  Pflttger  method.  Two  hours  after 
a  total-body  irradiation  with  a  dose  of  600  r  the  concentra- 
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tion  of  glycogen  In  the  liver  of  the  radiated  animals  proved 
to  be  higher  (3489  milligrams  percent)  than  in  non-irradi- 
ated  animals  (1691  milligrams  percent) .  We  consider  this 
increase  of  glycogen  in  the  liver  during  the  first  few  hours 
after  irradiation  one  of  the  manifestations  of  the  early 
protective  reaction  (glycogenogenesis  through  products  of 
disordered  metabolism) 0 

The  administration  of  ascorbic  acid  before  irradi¬ 
ation  inhibits  this  protective  reaction,  which  is  evidenced 
by  the  less' pronounced  (up  to  2144  milligrams  percent)  ac¬ 
cumulation  of  glycogen  in  the  liver.  The  use  of  vitamin  C 
during  the  period  of  five  days  before  the  irradiation,  just 
as  the  single  injection  of  it  before  irradiation,  suppres¬ 
ses  the  protective  reaction  of  the  liver  to  irradiation. 

In  the  investigation  three  days  after  the  irradiation  the 
concentration  of  glycogen  in  the  liver  proved  to  be  reduced 
to  746  milligrams  percent „  Still  less  glycogen  (616  milli¬ 
grams  percent)  was  contained  in  the  liver  of  animals  which 
had  been  given  vitamin  C  before  irradiation.  As  a  result 
of  the  administration  of  ascorbic  acid  one,  two  and  three 
days  after  irradiation  a  considerable  (by  three  and  one-half 
times)  increase  in  the  glycogen  concentration  in  the  liver 
was  noted  (up  to  259^  milligrams  percent).  The  latter  is 
evidence  of  the  distinctly  expressed  favorable  effect  of 
vitamin  C  when  administered  after  irradiation. 

The  data  presented  can  contribute  to  an  elucidation 
of  certain  problems  of  the  pathogenesis  of  acute  radiation 
sickness,  particularly  of  the  primary  mechanisms  of  the  ef¬ 
fect  of  radiation  on  the  body.  A  practical  conclusion  to 
be  drawn  from  the  results  obtained  should  be  the  contraindi¬ 
cation  of  the  use  of  ascorbic  acid  for  prophylaxis  and  im¬ 
mediate  therapy  of  acute  radiation  sickness.  Vitamin  C  can 
be  recommended  for  the  treatment  of  acute  radiation  sick¬ 
ness  only  after  the  disappearance  of  the  signs  of  the  pri¬ 
mary  reaction,  that  is,  in  the  latent  period  and  during  the 
period  of  the  climax.  Here  (within  certain  limits  before 
irradiation)  it  is  possible  to  contribute  to  a  normalization 
of  the  metabolic  processes  by  means  of  making  up  the  vita¬ 
min  C  deficiency. 
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The  Role  of  Ascorbic  Acid  in  Radiation  Sickness 

V.  S.  Yusipov 

There  are  still  sparse  and  very  contradictory  data 
concerning  the  use  of  ascorbic  acid  in  radiation  sickness. 
Thus,  after  local  roentgen  therapy  a  favorable  effect  of 
ascorbic  acid  has  been  noted  on  the  feeling  of  well  being 
of  patients,  the  antitoxic  (V.  S»  Vladimirova)  and  the  pig¬ 
mentary  function  of  the  liver  (K.  S.  Martirosov) ,  the- radi¬ 
ation  leukopenia  (Ellis),  erythrocytopenia  and  thrombocyto¬ 
penia  (K.  A.  Skulme  and  L.  Yu.  Pranls) .  Under  experimental 
conditions,  after  total-body  irradiation  of  animals  in  sub- 
lethal  and  lethal  doses,  the  favorable  effect  of  ascorbic 
acid  was  not  confirmed  (Field  and  Rekers;  Patt  and  co-work - 
ersj  Horkykiewitsch  and  others)'.  From  the  experiments  pre¬ 
sented  in  the  article  by  Patt  and  his  co-workers  it  is  seen 
that  the  administration  of  ascorbic  acid  before  irradiation 
of  rats  with  a  dose  of  800  r  exerted  a  distinctly  harmful 
influence.  Thus,  while  after  irradiation  without  the  ad¬ 
ministration  of  vitamin  C  20  percent  of  the  animals  remained 
alive,  after  the  administration  of  ascorbic  acid  before  ir¬ 
radiation  only  7-13  percent  remained  alive,  Carrie  and 
Schnetler  noted  a  certain  beneficial  influence  of  vitamin 
C  on  radiation  leukopenia  when  given  to  the  animals  before 
or  after  a  total-body  irradiation. 

The  contradictory  nature  of  the  results  obtained  by 
various  authors  is  explained  by  the  lack  of  unitypicality 
of  the  irradiation  conditions  and,  therefore,  of  the  form 
of  radiation  sickness,  and  by  a  difference  in  the  time  of 
administration  of  the  ascorbic  acid. 

The  discrepancy  in  the  data  in  the  literature  dic¬ 
tates  the  need  for  further  study  of  the  mechanism  of  action 
of  vitamin  C  and  indicates  the  prematurity  of  unreserved  rec¬ 
ommendations  on  the  use  of  ascorbic  acid  both  for  prophy¬ 
laxis  and  treatment  of  radiation  sickness  (M.  N.  Pobedin- 
skiy  and  others).  In  connection  with  this,  it  seemed  ex¬ 
pedient  to  us  to  elucidate  the  influence  of  ascorbic  acid 
in  different  forms  and  stages  of  radiation  sickness.  A 
study  was  made  of  the  effect  of  ascorbic  acid  on  the  course 
of  the  sickness  and  on  the  indices  of  the  carbohydrate  func¬ 
tion  of  the  liver. 

The  administration  of  ascorbic  acid  exerted  a  nor¬ 
malizing  effect  on  the  lactic  acid  concentration  in  the 
blood,  which  had  been  increased  as  a  result  of  local  roent¬ 
gen  therapy  of  patients.  In  experiments  on  88  rabbits  ir¬ 
radiated  with  a  sublethal  dose  of  X-rays  the  use  of  ascorbic 
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acid  before  irradiation  and  immediately  after  it  exerted 
an  unfavorable  effect  on  the  carbohydrate  function  of  the 
liver  and  on  the  survival  rate  of  the  animals.  On  the 
other  hand,  as  a  result  of  the  administration  of  ascorbic 
acid  20-24  hours  after  irradiation  or  later  a  distinct 
favorable  effect  of  it  was  established  on  these  indices. 

We  obtained  similar  results  in  the  determination  of  the  gly¬ 
cogen  concentration  in  the  liver  of  rats  irradiated  with  a 
dose  of  600  r. 

Prom  all  the  observations  presented  here  the  data 
concerning  the  unfavorable  effect  of  ascorbic  acid  when  ad¬ 
ministered  before  irradiation  or  immediately  after  it  ar^e 
of  particular  interest.  It  would  appear,  by  analogy  with 
the  protective  use  of  cysteine,  glutathione,  etc,,  that  it 
might  be  expected  that  ascorbic  acid  by  reacting  with  per¬ 
oxides  shotild  protect  other  biological  substrates  and  pri¬ 
marily  the  reactive  groups  of  proteins  and  enzymes.  Ascor¬ 
bic  acid  behaves  in  exactly  this  way  in  vitro  after  the  ir¬ 
radiation  of  a  mixture  of  several  organic  substances.  The 
introduction  of  ascorbic  acid  into  the  irradiated  mixture 
exerts  a  distinctly  protective  effect  which  exceeds  the 
protective  effect  of  hyposulfite  and  cysteine  (Anderson; 

G.  Ye,  Pavlovskaya  and  A.  G.  Pasynskiy;  Ephraty;  Loiseleur 
and  others) .  It  has  been  shown  that  ascorbic  acid  itself 
after  irradiation  in  vitro  is  oxidized  in  a  considerably 
greater  quantity  than  the  other  substances  included  in  the 
mixture  (Proctor  and  Gcldblith) ,  However,  ascorbic  acid 
contained  in  orange  juice  or  muscles  underwent  a  lesser  de¬ 
gree  of  destruction  than  ascorbic  acid  in  solution  (Proc¬ 
tor  and  O'Meara,  Anderson).  This  phenomenon  can  be  associ¬ 
ated  with  the  fact  that  certain  organic  substances  in  their 
turn  are  capable  of  protecting  ascorbic  acid  partially  from 
the  effect  of  radiation  (N.,  M.  Sisakyan) . 

The  question  arises:  how  are  we  to  explain  the  harm¬ 
ful  influence  of  ascorbic  acid  administered  before  radi¬ 
ation  under  conditions  of  the  intact  organism? 

The  data  in  the  literature  concerning  the  pronounced 
capacity  of  ascorbic  acid  (l-ascorbic  acid)  for  oxidation 
after  irradiation  of  it  in  solutions  have  been  presented 
above.  As  is  well  known,  in  the  oxidative  destruction  of 
ascorbic  acid  dehydroascorbic  and  diketogulonic  acid  as  well 
as  further  decomposition  products  of  It  are  formed.  It  is 
interesting  to  note  that  after  irradiation  of  solutions  the 
total  quantity  of  l-ascorbic  and  dehydroascorbic  acids  de¬ 
creases  to  a  considerably  lesser  degree  than  the  quantity 
of  l-ascorbic  acid  alone,  which  is  a  direct  proof  of  the 
formation  of  dehydroascorbic  acid  in  irradiation;  no  2,  3- 
ketogulonic  acid  was  found  (Proctor,  O'Meara  and  others). 
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The  capacity  of  asdorblc  acid  for  undergoing  vigor¬ 
ous  oxidation,  which  has  been  shown  in  in  vitro  experiments 
(I,  A.  Serebrennikova  and  others),  apparent ly"occurs  also 
after  the  irradiation  of  animals.  The  latter  is  confirmed 
in  the  abundance  of  data  concerning  the  reduction  in  the 
volume  of  C  concentration  in  the  blood  and  tissues  of  the 
irradiated  organism  (L ,  Ya,  Zhorno  and  many  others) ,  The 
reduction  of  ascorbic  acid  in  this  process  is  particularly 
marked  during  the  first  few  minutes  and  hours  after  irradi¬ 
ation  (V.  S,  Klimenko,  K.  A.  Tret 'yakova^  Wexlerj  and  in 
the  most  radiosensitive  organs  (Klein,  Handa  and  Swick) . 

The  formation  of  a  considerable  quantity  of  ascorbic 
acid  oxidation  products  (principally  dehydroascorbic.  acid) 
in  the  irradiated  organism  and  the  inactivation  and  acute 
deficiency  of  ascorbic  acid  which  occur  as  the  result  of 
oxidation  are  of  some  consequence  for  the  organism.  Thus, 
in  recent  years  it  has  been  shown  that  the  injection  of  de¬ 
hydroascorbic  acid  (into  rabbits  in  a  dose  of  100.0  mg/kg  and 
into  rats  in  a  dose  of  70-100  milligrams  per  100  grams)  ex¬ 
erts  a  distinct  toxic  and  diabetogenic  effect  (Patterson, 
Banerjee,  Belavady,  Mukher jee  and  others) .  According  to 
the  data  of  Mare  Porti  and  Pece,  the  increased  concentra¬ 
tion  of  dehydroascorbic  acid  in  the  tissues  inhibits  the  oxi¬ 
dative  and  energy  processes  in  the  animal  organism.  Ascor¬ 
bic  acid  administered  before  irradiation  can  exert  the  same 
effect*  it  produces  an  increase  in  the  quantity  of  dehydro¬ 
ascorbic  acid  formed,  which  is  capable  of  intensifying  the 
toxic  effect  of  other  inadequate  substances,  which  are  formed 
as  the  result  of  irradiation. 

In  addition,  in  acute  vitamin  C  deficiency  in  the 
tissues  of  the  irradiated  organism  blocks  the  links  of  met¬ 
abolism  of  which  the  catalyst  is  ascorbic  acid.  Here,  a 
disturbance  in  the  nucleic  acid  metabolism  is  of  the  great¬ 
est  importance.  It  is  well  known  that  the  formation  of  nu¬ 
clear  desoxyribonucleic  acid  from  ribonucleic  acid  occurs 
with  the  participation  of  ascorbic  acid  (B.  Golsshteyn  and 
his  co-workers).  An  acute  inactivation  of  ascorbic  acid 
after  irradiation  can  be  the  direct  cause  of  inhibition  of 
the  synthesis  of  desoxyribonucleic  acid.  It  is  characteris¬ 
tic  that  changes  in  the  nucleic  acids  after  irradiation  are 
most  pronounced  in  those  tissues  which  contain  more  vitamin 
C*  in  the  spleen,  mucous  membrane  of  the  small  intestine, 
etc.  (R.  G,  Zaikina  and  others). 

Definte  importance  is  ascribed  to  disturbances  in  the 
nucleic  acid  metabolism  in  the  pathogenesis  of  radiation 
sickness.  It  should  be  supposed  that  the  interesting  facts 
presented  by  V.  I,  Korogodin  and  G.  G.  Polikarpov  are  ex- 
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plained  specifically  by  a  disturbance  in  the  formation  of 
desoxyribonucleic  acid  from  ribonucleic  acid  (with  the  obli¬ 
gatory  participation  of  vitamin  C  in  their  metabolism).  It 
has  been  shown  that  after  the  transfer  of  a  non-irradiated 
nucleus  to  an  irradiated  cytoplasm  reactions  develop  in 
the  former  which  are  characteristic  of  radiation  injury, 
while  when  an  irradiated  nucleus  is  put  into  a  non-irradi¬ 
ated  cytoplasm  no  signs  of  injury  can  be  detected  (Duryee, 
1947,  1949);  subsequently,  while  the  irradiated  nuclei  are 
capable  of  dividing  in  a  non-irradiated  ctyoplasm  the  non- 
irradiated  nuclei  do  not  divide  in  an  irradiated  .cytoplasm 
(Harris  and  others) . 

Indirect  confirmation  of  ascorbic  acid  inactivation 
from  irradiation  are  the  data  of  A.  I„  Strashinin  concern¬ 
ing  a  reduction  in  the  ascorbic  acid  excretion  in  the  urine 
beginning  as  early  as  the  second  day  after  irradiation  with 
a  sublethal  dose  and  the  decrease  in  the  capacity  of  assimi¬ 
lating  administered  ascorbic  acid  beginning  with  the  fifth- 
seventh  day  after  irradiation  as  well  as  the  fact  that  symp¬ 
toms  characteristic  of  vitamin  C  deficiency  are  inherent  in 
the  period  of  the  climax  of  radiation  sickness  (hemorrhagic 
tendency,  reduction  in  the  immune  properties,  stomatogingi- 
vitis  and  other  dystrophic  changes). 

In  connection  with  the  possibility  of  the  participa¬ 
tion  of  ascorbic  acid  in  the  development  of  radiation  sick¬ 
ness  indicated  the  mechanism  of  action  of  prophylactic  sub¬ 
stances  can  be  explained  to  a  considerable  degree  by  the 
protection  of  vitamin  C  against  the  effect  of  oxidizing 
radiolysis  products  (Bacq,  Fischer)  along  with  the  protec¬ 
tion  of  the  reactive  groups  of  proteins,  etc.  It  is  well 
known  that  the  prophylactic  substances  have  the  common  pro¬ 
perty  of  being  antoxidants,  regardless  of  their  chemical 
nature  (B.  N.  Tarusov) . 

The  data  presented  cause  us  to  wonder  whether  the 
particularly  high  degree  of  radiosensitivity  of  the  hemato¬ 
poietic,  lymphoid  tissue,  hypophysis,  suprarenal s,  sex  glands, 
intestinal  mucosa,  lens,  mitochondria,  etc.  is  not  associ¬ 
ated  with  their  considerable  concentration  of  vitamin  C, 
which  exceeds  the  blood  plasma  ascorbic  acid  concentration 
by  tens  and  hundreds  of  times  (Giroud,  L.  M.  Bremener  and 
others) . 

Aside  from  the  routes  indicated  there  may  be  other 
routes  of  participation  of  ascorbic  acid  in  the  development 
of  radiation  sickness.  Thus,  ascorbic  acid  is  necessary 
for  synthesis  of  the  suprarenal  hormones  the  formation  of 
which  is  considerably  impaired  in  radiation  sickness. 

A  practical  conclusion  to  be  drawn  from  the  data  pre- 
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sented  should  be  that  the  use  of  ascorbic  acid  Is  contrain¬ 
dicated  for  the  prophylaxis  and  immediate  therapy  of  acute 
radiation  sickness.  Through  the  therapeutic  use  of  ascor¬ 
bic  acid  (after  the  disappearance  of  the  signs  of  the  pri¬ 
mary  reaction)  we  have  established  the  existence  of  a  favor¬ 
able  influence  on  the  carbohydrate  function  of  the  liver 
and  on  the  course  of  the  sickness.  This  permits  us  to  recom¬ 
mend  the  use  of  ascorbic  acid  for  the  treatment-  of  acute 
radiation  sickness  in  the  latent  period  and J the  period  of 
the  climax.  Evidently,  within. the  limits  of  certain  irradi¬ 
ation  doses  it  is  possible  to  contribute  to  a  normalization 
of  the  metabolic  processes  by  means  of  making  up  the  ascor¬ 
bic  acid  deficiency. 

As^has  already  been  mentioned,  ascorbic  acid  has  a 
beneficial  influence  also  in  the  mild  form  of  subacute  radi¬ 
ation  sickness  which  develops  during  roentgeno-radiotherapy 
of  patients. 

The  data  presented  attest  to  the  participation  of 
ascorbic  acid  in  the  complex  mechanism  of  development  of 
acute  radiation  sickness.  The  ascorbic  acid  changes  in  the 
irradiated  organism  can  be  the  connecting  link  between  the 
physico-chemical  processes  occurring  as  the  result  of  radi¬ 
olysis  and  the  biochemical  disturbances  as  well  as  other 
types  of  after-effect  reactions.  As  is  well  known,  speci¬ 
fically  this  link  in  the  pathogenesis  of  radiation  sickness 
remains  one  of  the  least  studied.  Clarification  of  the  role 
of  ascorbic  acid  in  the  pathogenesis  of  acute  radiation  sick¬ 
ness  is  one  of  the  radiobiological  problems  for  the  immedi¬ 
ate  future.  Essential  aid  in  the  accomplishment  of  this 
task  will  be  given  by  finding  methods  which  make  it  possible 
to  determine  the  ascorbic  acid  oxidation  products  directly 
in  the  tissues  of  the  intact  organism. 

Confirmation  of  the  statements  given  concerning  the 
role  of  ascorbic  acid  (naturally,  taking  into  consideration 
the  effect  of  the  neurohumoral  regulations)  will  make  it  pos¬ 
sible  to  give  a  better  grounded  explanation  of  tissue  radio¬ 
sensitivity  and  of  the  intrinsic  mechanisms  of  development 
of  radiation  sickness  in  place  of  the  antiquated  rule  of 
Bergonie  and  Tribondeau  and  the  Barron  theory. 
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CRITIQUE 

Ye  e  D.  Dubovyy.  Radioac  tive  Phosphorus  In  The  rap eut ic_Prac - 
tlce  ( In  Dermatology,rHema^o:Iogy /~5urge^y7~QpHtHlImoIcgy , ■'r!-r 
Gycecology  and  OnBclogyT.  "“State  MedTc  aTTress  URrSBH”,  Kiev, 

im:~2iT^r— — 

The  author  has  made  It  his  aim  to  summarize  the  data 
existing  in  the  literature  and  his  own  experience  (more  than 
1100  observations)  on  the  therapeutic  use  of  radioactive 
phosphorus  (p32). 

jn  the  first  small  section  of  the  book  brief  infor¬ 
mation  is  presented  on  the  physical  properties  of  p32? 
its  dosage,  distribution  in  the  body  and  excretion  from 
the  body.  The  second  section  is  devoted  to  the  use  of  ?32 
in  diseases  of  the  blood  system  (leukemia;,  polycythemia, 
multiple  myeloma),  skin  diseases  (angiomas,  eczemas,  neuro¬ 
dermatitis,  psoriasis,'  mycosis  fungoides,  warts  and  certain 
others) ,  surgical  diseases  (deep  pyodermitis,  furuncles, 
carbuncles,  hydradenitis,  thrombophlebitis  and  others) ,  eve 
dl  so‘>es  (episcleritis,  scleritis,  keratoscleritis,  ptery¬ 
gium,  chalazion  and  others),  pre-malignant  conditions  and 
malignant  tumors  (Bowen's  disease,  senile  keratosis,  skin 
carcinoma,  erosions  of  the  cervix  uteri  and  others). 

The  book  is  well  illustrated^  specifically,  mention 
may  be  made  of  Figures  on  colored  inserts  pertaining  to  the 
successful  application  of  p32  in  certain  diseases  of  the 
eyes.  There  is  a  bibliography  which  includes  Soviet  works 
and  a  number  of  works  of  foreign  authors  on  problems  analy¬ 
zed  in  the  monograph.  A  clear-cut  distribution  of  the 
material,  a  clear  and  lively  presentation  and  a  systematic 
discussion  of  the  problems  under  analysis  facilitate  the 
reading  of  the  book.  The  conclusions  and  deductions  which 
the  author  makes,  based  on  an  analysis  of  the  material  in 
the  literature  and  on  his  own  data,  are  distinguished  by 
definitiveness  and  conclusiveness  of  his  evaluations.  All 
this  constitutes  a  positive  characteristic  of  the  publica¬ 
tion  being  criticized. 

An  extensive  group  of  treatment  problems  is  touched  : 
on  in  the  book,  which  are  analyzed  in  connection  with  the 
evaluation  of  the  significance  of  ‘£>32,  although  not  all  the 
aspects  of  the  problems  under  analysis  are  represented  to 
the  same  degree  in  the  monograph.  Specifically,  no  place 
has  been  set  apart  for  the  use  of  radioactive  chromium  phos¬ 
phate  (Cr  P32  04),  particularly  for  radio surgical  purposes 
(Chevalier's  method  of  gelatin  films). 

With  respect  to  the  principles  of  the  therapeutic 
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application  of  p32  the  author  adheres  to  the  correct  atti¬ 
tude,  in  our  point  of  view,  of  a  moderate,  as  much  as  pos¬ 
sible  radiation  effect  and  utilization  of  p32  in  combination 
with  other  treatment  measures.  Thus,  mention  is  made  of 
the  expediency  of  application  of  p32  in  myelogenous  and 
lympogenous  leukemia  in  combination  with  blood  transfusions, 
vitamin  therapy  and  antibiotics.  At  the  same  time,  this 
statement  has  not  been  supplemented  by  any  explanations  con¬ 
cerning  the  sequence  of  use  of  various  agents  in  the  compre¬ 
hensive  therapy,  the  dosages,  etc.  On  page  44  a  cursory  com 
ment  is  given  concerning  the  expediency  of  combined  use  of 
p32  in  certain  cases  with  external  roentgen  or  gamma-therap.y 
in  lymphogenous  leukemia.  In  connection  with  this  combin¬ 
ation  of  treatment  measures  a  more  detailed  discussion  of 
the  method  might  have  been  desired. 

The  author  refrains  from  a  comparative  evaluation  of 
the  efficacy  of  application  of  p32  in  chronic  leukemias  in 
view  of  the  small  number  of  patients  treated  and  the  inade¬ 
quacy  of  the  observation.  Nevertheless,  the  problem  of  the 
significance  of  p32  in  the  arsenal  of  agents  for  the  moder¬ 
ate  treatment  of  leukemias  is  of  profound  interest  to  prac¬ 
ticing  physicians.  Although  this  problem  actually  cannot 
be  considered  adequately  clarified,  an  analysis  of  the  exis¬ 
ting  data  concerning  the  efficacy  of  treatment  on  a  compar¬ 
ative  plane  would  be  of  great  importance.  In  this  connec¬ 
tion  we  may  refer  to  the  experience  of  20  years  of  applica¬ 
tion  of  p32  for  the  therapy  of  leukemias,  which  made  it  pos¬ 
sible  for  D.  Lawrence  to  conclude  that  this  method  has  ad¬ 
vantages. 

In  the  section  devoted  to  the  treatment  of  skin  dis¬ 
eases  material  is  presented  and  conclusions  are  drawn  con¬ 
cerning  the  efficacy  of  treatment  of  capillary  angiomas. 

On  the  basis  of  his  experience  the  author  gives  recommenda¬ 
tions  concerning  the  technique  of  application  in  eczema  and 
gives  a  foundation  for  the  method  of  moderate  single  and  to¬ 
tal  doses  which  he  has  worked  out.  Speaking  about  psoriasis 
he  shows  justified  restraint  with  respect  to  the  indica¬ 
tions  for  the  application  of  p32  in  this  disease,  although 
the  observation  which  he  presents  demonstrates  the  efficacy 
of  the  method.  It  should  be  stated  that  in  describing  ap¬ 
plicators  for  external  irradiation  the  author  does  not  pre¬ 
sent  any  data  concerning  radioactive  plastics  containing 
P32,  which  are  of  importance  for  the  future  development  of 
this  method. 

In  the  section  on  surgical  diseases  the  chapters  de¬ 
voted  to  the  treatment  of  thrombophelebitis  and  inflammation 
(or  strangulation)  of  hemorrhoids  attract  attention.  Here, 
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Interesting  data  are  presented  concerning  the  effectiveness 
of  the  treatment  method  worked  out  by  the  author  and  his  co¬ 
workers*  The  description  of  the  author’s  own  experience  3n 
the  field  of  application  of  p32  for  the  treatment  of  eye  dis¬ 
eases  is  also  read  With  interest.  Ye.  D.  Dubovyy  (in  con¬ 
junction  with  S.  P.  Kal'fa,  L.  P.  Voloshina  and  G.  M.  Zsygan- 
kova)  worked  out  the  application  of  p32  for  the  treatment 
of  scleritis,  keratitis,  pterygium  and  chalazion  for  the 
first  time  in  the  Soviet  Union.  In  the  book  data  are  re¬ 
ported  concerhing  the  method  and  the  clinical  aspects  of 
this  treatment,  and  descriptions  of  individual  observations 
and  colored  illustrations  are  presented.  It  is  shown  con¬ 
vincingly  that  P32  extends  the  existing  therapeutic  possi¬ 
bilities  in  ophthalmology. 

In  the  concluding  section  of  the  book  a  review  is 
given,  and  certain  data  are  presented  pertaining  to  the  ap¬ 
plication  of  P32  in  pre-malignant  staes  and  in  malignant 
tumors.  Here,  an  analysis  is  given  on  the  results  and  pers¬ 
pectives  of  utilization  of  P32  for  the  treatment  of  hyper¬ 
keratoses  and  leucoplakias,  cervical  erosions  and  carcinoma 
of  the  skin.  The  advantage  of  application  of  p32  for  the 
treatment  of  carcinoma  of  the  lid  is  emphasized,  and  here 
the  problem  is  pointedly  posed  of  eliminating  the  radiation 
effect  on  the  lens. 

In  characterizing  the  book  being  criticized  as  a 
whole  it  should  be  stated  that  the  author  undoubtedly  has 
succeeded  in  accomplishing  the  task  which  he  set  before 
himself s  generalizing  the  data  of  the  therapeutic  use  of 
p32  at  the  current  stage  of  development  with  the  aim  of  fur¬ 
ther  development  and  incorporation  of  this  method  into 
practice.  Generalization  of  the  data  in  the  literature  and 
of  his  own  data  has  been  accomplished  by  him  with  different 
degrees  of  completeness  in  different  sections.  However, 
the  book  gives  the  reader  an  idea  of  many  general  and  spe¬ 
cific  problems.  It  has  an  advantage  as  a  publication  in 
which  numerous  scattered  data  have  been  assembled  which  ap¬ 
ply  to  the  utilization  of  p32  for  therapeutic  purposes. 

The  author  has  been  able  to  reflect,  with  a  considerable 
degree  of  completeness,  the  achievements  of  Soviet  authors 
and  the  recommendations  worked  out  in  the  USSR  in  his  book. 

At  the  same  time,  the  bock  is  not  without  defects 
which  are  inevitable  for  the  present  first  presentation  of 
experience.  Certain  of  them  have  been  indicated  above.  We 
should  like  to  mention  our  desire  that  the  author  continue 
his  well-begun  work,  preparing  a  new  edition  of  the  book  in 
which  his  own  and  collective  multiple  experiences  will  be 
reflected. 

M.  P.  Domshlak 
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H,  Jamet,  'C*  Math©,  B.  Pendlc,  J,  F.  Bupl&n,  B»  Maupln,  R.  * 
L&fcar jet  *  ti,  Kftlic,  L.  Scfcwarssenberg ,  Z„  Bjukic,  ,T.  Vigne. 

■Six  Canes  of  Acute  Radiation  Sickness  1  n  Patients  During  _a 

t or  ' Ac effiTeiiv t via 7  'i^m!F'1Si~TfK-eft'n*’ . 
3T  irraSiat:  of  ale”  ili|u¥'”ac  c'l  &■.  nt  e  lie , 


'  In  the  French'  journal,  wRevue  Fr&ncaisc  d*  Etude  a 
Clinique  a  et  Biologiques15  Ho  3  for  this  year  three  article® 

« have  "been  published  In  which  the  first  scientific  de  scrip-. 

~i  tion  is  given  of  the  nature  of  the  injuries  and  the  results 
of  treatasent  of  acute  r&di  atton  sickness  in  six  persona  suf¬ 
fering  from  a  nuclear  reactor-  accident  in  Yugoslavia, 

The  editorial  'hoard  of  the  journal ' ffKe&tt0inske.ya 
radio Xoglya”  considers  it  expedient  to  give  &  detailed  pre¬ 
sentation  . of  the  material  of  recently  published  articles 
so  as  to  acquaint  our-  readers  with  data  dealing  with  this 
illustrative  case,  -  In  the  world  literature  a  few  cases  of 
acute  radiation  injury  have  been  described  in  people*  In 
this  group  there  are  two  reports  of  Soviet  (A*  K*  Gue'fcova 
and  0*  10 »  Baysogolov*)  and  Amerlc sn  (Hasterllek  and  Marin-, 
elll)  physicians  at  the  First  .Geneva  Conference  on  the  Use 
of  Atomic  Energy  for  Peaceful  Purposes  and  the  well  known 
•  monograph .  "The  Radiation  Syndrome**  by  Kemps?j«ann.« 

On  15  October  1958  an  accident 
occurred  in.  an  experimental:  nuclear  re¬ 
actor,  which  usually  functioned  on  zero 
power,  at  the  Yugoslavian  Institute  of 
Nuclear  Energy  near  Belgrade*  The  re-  , 
actor,  which  operated  on  natural  ur«m-  * 
iuas,  was  filled  with  heavy  water.  The 
operation  of  the  reactor  could  be  stop¬ 
ped  by  means  of  eadraiwo  rods.  The  re¬ 
actor  did  not  have  a  reflector  or  a 
protective  casing*  On  the  day  of  the 
accident  there  were  six  persons  at  a 
di stance  of  four  outers  from  the  reac- 
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,  1.  Position 
!*  Those  Affected 
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in  the  Reactor 
Room  (The  Circle 
Be  signs,  te  s  the 
Reactor) , 
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The  positions  of  the  workers  are 
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The  experiment  eon  ©listed 
curing  the  neutron  flux  formed  from  the 
spontaneous  disintegration  and  .follow¬ 
ing  the  introduction  of  a  source  of  neu- 
tfyns  in  the  tox'u'i  of  &  radium — aery  1  Hum  mixture  *  As  u>  re— 
irult  of  the  increase  in  the  level  of  heavy  water  in  the  re¬ 
actor  -and  th®  introduction  of  a  radium-beryl  Hum  source  of 
neutrons  the  reaction  went  out  of  control.  As  a  result  the 
emanation  of  neutrons  and  Y-qu&nta  occurred,  -  •  The  letter 
tier©  emitted  fro®  the  disintegration  of  short-lived  fission 


{products  In  a  nuclear  reaction  which  proceeded,  according  * 
to  the  type  (n,  7)  as  well  as  from  the  disintegration  of 
radioactive  isotopes  formed  from  this  reaction®  The  emis¬ 
sion  of  neutrons  lasted  several  minutes,  and  the  emission  . 
of  Y-rays  lasted  longer  with  a .radioactivity  decay  charac¬ 
teristic  of  the  radioactive  isotopes  'formed®  ;  .  . 

From  the  very  beginning  the  idea  wag  gained  that  'the 
patients  ted  been  irradiated  in  doses  on  the  border  of  "the 
lethal  doses  or  even  exceeding  the®.  All  six  patient®  were 
“j sent  to,  Paris  the  next  day  and  put  in  the  > department  of  J~ 
radiopathology  of  the  Curie  Institute  .•  In  the  evaluation 
of  the  doses  of  radiation,  received  .this  basic  element  con¬ 
sisted  of  physical  measurement©  of  induced  radioactivity  in 
the  metal  object©  surrounding  the  reactor  and , in  the  bodies 
of  the  patient®. 

■  The  total  flux  of  thermal-  neutrons, :  determined  toy 
the  activation  of  the  metal  objects,  was  equal  to  approxi¬ 
mately  g‘1011  n/em2.  The  percentage  of  fast  neutrons  with 
a  mean  energy  of  2.2  MeV  amounted  to  six  to  eight  percent 
of  this  value®  It  was  assumed  that  the  7-radiation  should 
be -three  times  as  much  as  the  neutron  radiation.  Taking  in¬ 
to  consideration  the  time  the  patients  had  been  in  the  r@r' 
actor  room  and  ‘their  -positions  in  .it,  the  dose  of  7-rays 
was  determined  to  be  within  limit©  of  450-1000  r  (Table  1) . 
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The  Induced  radioactivity  in  the  bodies  of  the  pa¬ 
tients  produced  by  Ha^<  was  measured  in  Paris  by  means  of 
a  45 -channel  7- spectrometer.  The  values  obtained  for  var¬ 
ious  people  are  given  in  micro curies  in  the  second  column 
of  Table  1,  ■ 

In  the  third  column  the  dose  of  'neutron  irradiation 
is  presented!,  in  the  fourth,  the  dose  of  gamma-irradiation 
found  by  multiplying  the  data  in  the  third  column  by  three . 
In  the  next  column  the  calculated  total  dose  is  given  for 
neutron  and  7-radiatlon.  However,  this  total  dose  should 
jbe  considered  as  only  approximate.  As  a  matter  of  fact  the 
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neutron  irradiation  was  homogeneous,  but  the  sources  of 
Y-radiation  in  the  room  were  many.  For  this  reason  the  y~ 
ray  field  was  not  uniform  in  various  places.  In  addition, 
the  behavior  of  the  various  persons  in  the  room  was  differ¬ 
ent:  M.,  G.,  D.  and  H.  remained  relatively  inactive  after 
the  accident.  After  three  mimutes,  B  left  the  room;  V.  re¬ 
turned  to  the  reactor  after  it  had  stopped,  receiving  an  ad¬ 
ditional  dose  of  Y-radiation„  In  the  sixth  column  the 
limits  of  the  possible  Y-radiation  are  given,  and  in  the 
seventh  column,  the  most  probable  total  dose  for  each  pa¬ 
tient  taking  into  consideration  all  the  facts.  The  subse¬ 
quent  clinical  course  of  the  injuries  in  general  confirmed 
the  estimation  of  the  radiation  dose  given  above. 

The  total-body  irradiation  caused  in  acute  radiation 
syndrome  corresponding  to  that  described  in  the  literature. 
During  the  first  few  hours  after  the  irradiation  the  follow¬ 
ing  were  noted:  asthenia,  adynamia,  psychic  depression, 
anorexia,  nausea,  vomiting,  paresthesias  in  the  upper  ex¬ 
tremities  and  a  tendency  toward  perspiration.  In  B.,  who 
had  received  less  irradiation,  there  was  no  vomiting.  V, 
the  most  severely  irradiated,  had  diarrhea  on  the  fourth 
day. 

During  the  latent  period,  which  lasted  three  days, 
the  general  condition  of  the  injured  persons  was  satisfac¬ 
tory,  which  was  in  contrast  with  the  changes  in  the  blood; 
in  the  injured  person,  V.,  a  definite  deterioration  in  his 
general  condition  was  noted  even  during  this  period.  On 
the  4th  and  15th  days  this  temperature  rose.  During  the 
latent  period  the  body  weight  dropped  by  0.3-2. 3  kg  in  the 
injured  persons.  During  the  period  of  the  climax  of  the 
sickness,  from  the  fourth  through  the  seventh  week  after 
irradiation,  a  marked  deterioration  in  the  general  condi¬ 
tion  occurred.  With  the  exception  of  B.,  all  suffered  from 
fever.  There  was  a  loss  of  appetite,  nausea  appeared; 
there  were  profuse  night  sweats,  and  there  was  a  reduction 
in  diuresis  (Table  2)  . 

Symptomatic  therapy  as  well  as  the  administration  of 
a  bone  marrow  emulsion  in  four  patients  led  to  the  fact 
that  a  gradual  improvement  was  noted  in  the  seventh  week. 

V.,  the  person  irradiated  most,  died  on  the  32nd  day  during 
the  climax  of  the  sickness.  B.,  who  was  not  treated  with 
the  bone  marrow  transfusion  recovered  more  slowly  than  the 
others. 

On  the  first  day  erythema  and  conjunctivities  devel¬ 
oped  in  all  those  injured  except  B.  The  latter  symptom 
was  also  observed  in  B.  At  the  end  of  the  second  week  a 
skin  pigmentation  was  noted  in  the  patients;  in  V.,  des- 
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quamation.  In  all  the  afflicted  persons  the  hair  of  the 
head  fell  out,  in  B.  beginning  with  the  14th  day;  in  B., 
beginning  with  the  20th  day.  In  the  men  (among  the  injured1 
persons  there  was  also  one  woman,  D.)  the  hair  of  the  beard 
also  fell  out.  The  epilation  of  the  head  was  not  uniform, 
which  indicated  different  doses  of  irradiation  of  different 
parts  of  the  head  with  the  secondary  y-rays,  The  hair  growth 
did  not  return  before  the  third  month.  No  changes  were 
found  in  the  lens;  retinal  edema  was  noted  only  in  H. 

Table  2 


Ini-  Erythema  Con June 
tials  tivitis 

of 

pat¬ 

ients 


1st  day  1st  day 


1st  day  1st  day 


1st  day  1st  day 


1st  day  1st  day 


Epilation  Weight 
dynamics, 

kg 


Hair  of 
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l4.th  day 
Hair  of 
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14th  day 

Hair  of 
head 
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Hair  of 
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Hair  of 
head 
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Hair  of 
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l8th  day 
Hair  of 
head 
14th  day 


Hair  of 
head 
17th  day 


-2.3 

8th  day 

-1.0 

28th  day 


-1.6 

6th  day 

-3.0 

118th  day 

-0.5 
6th  day 

-6.2 

l8th  'day 


®  Complications 


+++  Abdominal 
pains,  in¬ 
testinal  per¬ 
foration,  ob¬ 
struction, 
anuria,  ter¬ 
minal  icterus 
+++  Abdominal 
pains 


++  Abdominal 
pains,  her 
pes 


-1.3  Abdominal 

6th  day  pains,  men¬ 

strual  dis- 

+9.0  .  turbances, 

120th  day  herpes 

-0.3  +++  Abdominal 

6th  day  pains,  sub¬ 

acute  icterus 
partial  ob¬ 
struction 
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Table  2  [continued] 


Ini-  Erythema  Conjunc-  Epilation 
tials  tivitis 

of 

pat¬ 

ients 


Weight  ra 

dynamics,  E  ^Complications 

I)  § 

ax: 

CO  o 


1st  day  1st  day  Hair  of  +5.6 

beard  106th  day 

17th  day 

B.  +  Hair  of  +0.6  Abdominal 

head  10th  day  pains 

20th  day 

0  1st  day  -3.3 

82nd  day  + 

-2.6 

120th  day 


Peripheral  blood  analyses  were  made  every  two  or  three 
days  in  parallel  in  two  laboratories.  The  blood  picture  be¬ 
fore  irradiation  was  normal  in  all.  Only  in  D.  was  there 
a  slight  reduction  in  the  erythrocyte  and  leukocyte  counts. 

On  the  first  day  a  leukocytosis  developed  (9000-11,000  per 
cubic  millimeters);  during  the  latent  period  the  number  of 
blood  cells  gradually  decreased.  The  erythrocyte  count  de¬ 
creased  least;  the  lymphocytes,  most.  The  lymphocyte  count 
decreased  to  low  levels  during  the  firfet  five  days;  after¬ 
wards,  the  variations  occurred  near  the  low  level  reached. 

The  granulocyte  count  decreased  even  more  slowly;  at  the 
end  of  the  first  and  during  the  second  week  it  increased  some¬ 
what.  The  number  of  platelets  decreased  to  approximately 
the  same  degree  as  that  of  the  granulocytes.  The  reticulo¬ 
cytes  disappeared  from  the  blood  during  the  first  two  days 
after  the  irradiation.  In  Pigs.  2  and  3  hemograms  are  pre¬ 
sented  for  the  entire  observation  period.  During  the  third 
period  of  the  sickness  the  blood  picture  indicated  an  al¬ 
most  complete  bone  marrow  aplasia.  The  lymphocytes  were 
maintained  at  the  level  reached  at  the  end  of  the  first 
week.  The  granulocytes  passed  through  a  minimum  at  the  end 
of  the  fourth  week.  The  neutrophils  numbered  a  total  of  50; 
only  in  B.  did  their  number  come  up  to  900.  The  platelet 
count  dropped  to  30,000.  At  the  end  of  the  fourth  week  the 
erythrocyte  count  decreased  to  3,000,000;  in  B.,  to  4,000,000; 
in  H.  and  D.,  to  2,200,000  and  1,400,000  respectively. 
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Pig.  2.  Change  In  the  Formed  Blood  Elements  in  the  Patients 

ua  ,  The  bone  marrow  transfusion  was  given  in  the  fifth 
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c°unt  and  reticulocyte  count  also  increased. 
However,  the  lymphocyte  count  thereby  did  not  change  and 
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Pig.  3.  Change  in  the  Erythrocyte  and  Thrombocyte  Composi¬ 
tion  of  the  Patients. 

At  the  end  of  the  second  month  the  blood  picture  came 
close  to  normal,  but  was  unstable.  The  lymphocytopenia,  was 
maintained.  The  phase  of  restoration  of  the  blood  was  a 
consequence  of  bone  marrow  grafting  and  regeneration  of  the 
patient's  marrow. 

With  respect  to  the  white  blood  element  the  origin 
of  the  cells  could  not  be  determined  ~~  whether  from  the 
donor's  bone  marrow  or  from  the  patient's.  For  the  erythro¬ 
cytes  this  could  be  established  by  the  agglutination  method. 
In  B.,  who  was  not  given  any  bone  marrow,  spontaneous  re¬ 
covery  of  the  blood  picture  occurred  slowly.  An  examination 
of  the  bone  marrow  was  made  every  10  days  in  the  patients. 
During  the  first  week  a  notable  aplasia  developed?  at  the 
end  of  the  latent  period  it  was  complete.  During  the  two 
weeks  after  the  grafting  the  marrow  '’’became  populated,”  and 
Lthe  myelogram  became  almost  normal .  „J 
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Apart  from  the  morphological  examinations  of  the 
blood  determinations  were  made  of  the  blood  coagulation 
and  bleeding  time,  and  analyses  were  made  of  the  prothrombin 
complex;  tests  were  made  for  hemoglobin  tolerance,  and 
thrombin-elastographic  measurements,  etc,  were  made. 

The  prothrombin  complex  was  normal  in  all  the  pa¬ 
tients  except  D.  In  D  there  was  a  reduction  in  the  accel- 
erin  and  proconvertin  [accelerators  of  the  prothrombin  to 
thrombin  transformation],  Thromboelastographic  measure¬ 
ments  were  made  every  week,  and  considerable  functional 
changes  were  shown.  At  the  end  of  the  latent  period  and 
during  the  crisis  the  coagulation  time  was  definitely  shor¬ 
tened  and  the  amplitude  was  reduced*  In  N.  these  distur¬ 
bances  were  particularly  pronounced  and  were  accompanied 
by  purpura.  The  infusion  of  a  thrombocytic  mass  reduced 
these  signs.  The  hemorrhagic  syndrome  during  the  period 
of  the  crisis  was  manifested  by  hemorrhages  from  the  gums. 

In  D,  and  N.  there  were  nasal  hemorrhages.  In  N.  purpura 
appeared  in  the  lower  extremities  on  the  26th  day  and  did 
not  disappear  for  two  weeks.  In  D.  there  menorrhagia, 
which  led  to  anemia.  In  V.,  who  was  the  most  irradiated 
person,  intestinal  and  pulmonary  hemorrhages  were  obsei’ved. 
Hematemesis  and  hemoptysis  gradually  increased  in  his  case. 

At  autopsy  hemorrhages  were  found  throughout  the  intestine; 
there  was  a  pulmonary  infarct  and  petechiae  in  the  kidneys 
and  urinary  bladder.  In  patients  M.,  G.,  D.  and  H.  no  par¬ 
ticular  disturbances  were  found  in  the  heart  or  lungs,  but 
the  blood  pressure  was  unstable. 

The  renal  and  liver  symptomatology  remained  latent 
except  in  H.,  in  whom  there  was  a  certain  degree  of  icterus 
at  the  end  of  the  period  of  the  crisis.  In  all  the  patients 
at  this  time  a  disorder  occurred  in  the  activity  of  the  gas¬ 
trointestinal  tract;  there  were  disorders  of  the  gum  and 
cheek  mucosal  epithelium,  diffuse  pains  in  the  abdomen, 
pains  on  palpation  and  peristaltic  disturbances.  In  N.  at 
the  end  of  the  period  of  the  crisis  there  was  a  partial  in¬ 
testinal  obstruction.  In  V.  the  complications  of  the  inter¬ 
nal  organs  were  so  severe  that  they  caused  his  death  on  the 
32nd  day.  He  had  intestinal  obstruction,  jaundice  and  an¬ 
uria. 

Examination  of  the  sperm  of  the  five  men  in  the  sec¬ 
ond  week  showed  a  reduction  in  the  number  of  spermatozoa, 
and  morphological  and  functional  changes  of  them.  On  sub¬ 
sequent  analyses  no  spermatozoa  were  found  in  two  (M.  and 
N.),  and  there  were  very  few  of  them  in  G.  and  B,  At  autopsy 
in  V.  a  complete  evacuation  of  the  seminiferous  tubules  was 
noted.  In  D.  the  menstrual  cycle  was  disturbed,  became  ir- 
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Regular,  shortened;  considerable  menorrhagia  occurred  dur¬ 
ing  the  critical  period,  which  coincided  in  time  with  the 

ordinary  menstrual  period.  .  . ,  . 

In  all  the  patients  a  quite  detailed  analysis  vms 
made  of  the  biochemical  changes  in  the  blood  and  urine 
The  data  are  presented  in  Fig.  4.  In  general,  no  essential 
changes  were  found  in  the  biochemical  blood  indices,  --o- 
physical  constants  remained  normal.  The  electrolyte  balance 
underwent  certain  changes  in  the  first  week  and  during 
-1  period  of  the  crisis:  hypochloremia,  hyponatremia,  hj-ptr^a-i 
' lemia.  The  total  quantity  of  blood  proteins  decreased  a 
little;  the  concentration  of  ^-globulin  decreased,  and  some¬ 
times  there  was  an  increase  in  the  a-  and  p-globulxns,  D 
ing  the  first  week,  azotemia  was  observed  at  times. 


Fig.  4.  Biochemical  Changes  in  the  Blood  and  Urine  of  the 
Patients. 

The  diuresis  was  very  profuse  (two  to  three  liters 
per  day)  during  the  latent  period.  During  the  third  period 
it  decreased,  and  oliguria  occurred.  There  was  no  gluco- 
suria,  but  during  the  first  two  weeks  albumin  appeared  in 
the  urine.  Urobilin  and  other  pigments  were  found  irregu¬ 
larly.  It  should  be  noted  particularly  that  the  amino  acid 
nitrogen  in  the  urine  increased.  Paper  chromatography 
,  showed  amino  acids  which  are  usually  for  urine  as  well  as  ^ 
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those  normally  absent  from  itj  proline,  phenylalanine, 
tryptophane,  threonine,  aspartic  acid.  The  amino  acid  re¬ 
covery  was  particularly  great  during  the  first  week  but 
did  not  return  to  normal  even  afterwards.  The  functional 
tests  for  renal  and  hepatic  activity  did  not  show  any 
changes  in  their  condition.  The  sedimentation  rate  was  el¬ 
evated  until  the. end  of  the  critical  period. 

On  the  first  day,  before  the  patients  were  sent  to 
Paris,  they  were  given  various  agents  to  counteract  shock 
and  antibiotics.  After  their  arrival  at  the  Curie  Institute 
the  patients  were  kept  under  conditions  of  strict  asepsis 
and  antisepsis.  No  one  was  permitted  to  see  them  except 
nurses  and  physicians;  antiseptics  were  sprayed.  Complete 
rest  was  prescribed  tor  them,  but  during  the  latent  period 
the  bed-rest  routine  was  observed. incompletely.  Prom  the 
third  to  the  seventh  week  the  patients  remained  in  bed  the 
entire  time.  During  the  latent  period  an  ordinary  hospital 
diet  was  prescribed.  At  the  begihning  of  the  period  of  the 
crisis  the  patients  were  transferred, to  a  "hypotoxic"  diet  ‘ 
(composition  unknown),  and  then  to  a  special  liquid  diet 
(up  to  the  eighth  week).  After  the  period  of  the  crisis, 
they  were  gradually  put  back  on  the  "hypotoxic"  diet,  and 
then  the  patients  were  transferred  to  the  regular  hospital 
diet.  No  recourse  was  had  to  parenteral  feeding.  Only 
patient  V.  was  fed  this  way  during  the  terminal  period. 
Intense  vitamin  therapy  was  used:  vitamins  B,  C,  D,  K,  and 
PP. 

Suprarenal  cortical  extracts  and  liver  were  injec¬ 
ted  regularly.  Amino  acids  were  administered,  particularly, 
lobamine  and  cysteine. 

Antibiotics  were  avoided  until  specific  therapy  was 
given.  Afterwards,  chiefly  penicillin,  streptomycin  and 
terramycin  were  prescribed.  Chloramphenicol  was  prescribed 
for  gastrointestinal  disorders.  In  Table  3  data  are  pre¬ 
sented  concerning  the  therapeutic  measures. 

Classic  methods  of  treating  hematopoietic  disorders 
were  utilized  in  a  very  limited  manner.  In  order  to  com¬ 
pensate  for  the  taking  of  blood  for  analyses,  a  transfusion 
of  150  cubic  centimeters  of  whole  blood  was  given  on  the 
third  day.  Patients  N„  and  D,  in  whom  anemia  developed  dur¬ 
ing  the  period  of  the  crisis,  were  given  an  injection  of 
erythrocyte  masses.  Massive  infusions  of  isolated  plate¬ 
lets  were  given  to  patients  V,  and  D.  (menorrhagia)  and  H. 
(purpura).  Pour  patients  were  injected  with  7-globulin  dur¬ 
ing  the  latent  and  third  periods.  ' 
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Table  3 


Ini-  Peni-  Strepto-  Terra-  Chloram-  Vita-  Organ 

tials  cillin,  mycin,  g  mycin,  g  phenicol,  mins  Therapy 
of  units  e 

pat¬ 
ients 


V. 

M. 

G . 

D. 

H. 

B. 


2,000,000  1  600-800  3  Com-  Liver  Ex- 

4th-15th  4th-15th  mg  IM  29th-32d  plex  tract,  cor- 
day  day  22nd-  day  B,C,  tin 

32nd  day  K,PP 

2,000,000  1  600  3  Same  Lobamine 

22d-25th  22d-25th  2bth-  29th-  Cysteine 

day  day  37th  day  32nd  day 

400  mg  IM' 

24-40th 

day 

1  2  g  per  3  Same 

35th-  os  29th-33d 

38th  day  84th-  day 

88th  day 

»  1  3  Same  Testosterone 

4th-13th  4th-13th  0  31st  day  Progesterone 

day  day 

4,000,000  1 

27th-37th  27th- 

day  37th  day 

4,000,000  1  600  mg  3M  3  Same 

31st-54th  51st-  34-4lst  29th-32d 

day  54th  day  day  .  day 

49-58th 

day 

2,000,000  1  0  0  same 

12th- 19th  12th- 

day  19th‘ day 


> 


Because  it  v?as  clear  from  the  ve:>y  beginning  that  in 
V.  the  course  of  the  sickness  was  assuming  a  lethal  charac¬ 
ter  arid  that  the  same  threat  was  being  aimed  at  M.  G.,  D. 
and  H.  the  decision  was  made  to  infuse  hematopoietic  tissue. 
^'s.j:ne  result  of  the  danger  of  a  secondary  immune  reaction 
following  the  infusion  of  adult  tissue  it  was  decided  to 
administer  embryonic  hematopoietic  tissue  to  V.:  this  was 
done  on  the  14th  day  (4,200,000,000  cells  were  injected). 
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The  absence  of  the  reaction  to  the  injection  and  the  fur¬ 
ther  deterioration  of  the  course  of  the  sickness  were  the 
incentives  for  repeating  the  'infusion  oh  the  27th  day.  This 
time  hematopoietic  tissue  was  given  which  was  taken  from  an 
adult  donor  by  mecns  of  a  bone  puncture*  The  donor's  pheno¬ 
type  was  similar  to  that  of  the  patient.  Patient  M.  was 
given  an  infusion  of  homologous  bone  marrow  on  the  27th  day; 

G,  and  D.,  on  the  33d  day;  N,,  on  the  36th.  The  number  of 
cells  administered; was  equal  to  8,500,000,000  to  14,000,000,000 
in  a  volume  of  180-300  cubic  centimeters.  As  was  indicated 
previously,  such  infusions. immediately  led  to  a  change  in 
the  peripheral  blood  picture  in  a  favorable  direction. 
Forty-eight  hours  after  transfusion  shock  the  patients'  con¬ 
ditions  improved,  appetite  returned,  and  they  became  more 
active;  their  feeling  of  well  being  improved,  and  their 
weights  increased. 

Patient  B.  was  on  the  same  routine  as  the  others, 
receiving  the  same  drugs  and  vitamins,  but  he  was  not  given 
infusions  of  hematopoietic  tissue.  He  recovered  more  slowly 
than  the  others  despite  the  smaller  dose  of  radiation. 

On  the  basis  of  an  analysis  of  the  material  collec¬ 
ted  the  authors  have  drawn  a  general  conclusion  concerning 
all  the  aspects  of  the  acute  radiation  syndrome  problem. 

They  direct  attention  to  the  difficulties  which  have  to  be 
overcome  in  determining  the  dose  of  irradiation,  because 
the  Individual  dosimeters  were  useless  for  such  an  accident. 
Evidently,  in  the  case  of  an  accident  dosimeters  with  a 
range  of  y-radiation  doses  of  the  order  of  50-1000  r  are 
needed. 

In  the  clinical  picture  of  the  radiation  injuries 
its  early  signs  are  very  important:  nausea,  vomiting,  diar¬ 
rhea;  we  must  direct  attention  to  the  skin  changes  and  con¬ 
junctivitis.  Epilation  begins  only  during  the  period  of 
the  crisis.  As  far  as  the  blood  examinations  are  concerned, 
the  relationship  between  the  dose  and  the  granulocyte 
counts  are  most  pronounced;  for  lymphocytes  and  platelets 
the  change  in  their  counts  with  relationship  to  the  dose  is 
not  so  well-defined.  Of  the  biochemical  changes  the  most 
significant  are  the  increase  in  the  amino  acid  nitrogen 
concentration  in  the  urine  and  the  appearance  of  unusual 
amino  acids  in  the  urine. 

These  cases  are  instructive  in  connection  with  the 
fact  that  in  B.,  who  was  irradiated  with  a  dose  of  less  than 
500  rem,  the  recovery  in  the  general  condition  and  blood 
picture  occurred  slowly.  This,  however,  does  not  mean  that 
with  this  dose  it  was  necessary  to  resort  to  a  dangerous  manip¬ 
ulation  —  the  administration  of  hematopoietic  tissue.  In 


patients  M.,  G.,  D.  and  H,  in  whom  the  dose  was  greater 
than  500  rem,  the  ordinary  treatment  was  inadequate.  The 
administration  of  hematopoietic  tissue  in  this  case  gave 
the  patient's  body  the  time  for  recovery  of  his  own  myeloid 
tissue,  which  is  essential  for  survival.  The  selection  of 
the  time  for  administering  the  hematopoietic  tissue  de¬ 
pends  on  the  knowledge  of  the  dose  received.  The  onset  of 
the  period  of  crisis,  at  which  time  the  clinical  course  may 
confirm  the  dosimetric  data,  is  convenient.  However,  in 
this  case,  as  with  V*,  the  administration  of  hematopoietic 
tissue  should  be  giVdn  as  soon  as  possible. 

With  respect  to  the  prognosis  the  authors  have  come 
to  the  following  conclusion.  The  possibility  of  a  secon¬ 
dary  immunological  reaction  in  those  given  bone  marrow  in¬ 
jections  cannot  be  excluded.  As  immediate  complications 
abnormalities  in  the  blood  picture,  abnormalities  of  sperma¬ 
togenesis,  asthenia  are  possible;  as  remote  consequences, 
the  increased  probability  of  leukemia  and  various  kinds  of 
carcinoma. 


D.  E.  Grodzenskiy,  F.  G.  Krotkov 
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